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PESTICIDES IN PEOPLE 


Organochlorine Pesticide Residues and Polychlorinated 
Biphenyls in Human Milk, Colorado—1971-72 ' 


E. P. Savage, J. D. Tessari, J. W. Malberg, H. W. Wheeler, and J. R. Bagby 


ABSTRACT 


Organochlorine pesticide residues and PCB’s were deter- 
mined in 40 human milk samples collected from women in 
rural Colorado during 1971-72. The highest levels found 
were of p,p’-DDE which ranged from 19 to 386 ppb; p,p’- 
DDT ranged from 7 to 109 ppb. B-BHC, o, p’-DDT, diel- 
drin, heptachlor epoxide, and p,p'-DDD ranged from a 
trace to 38, 13, 11, 5, and 5 ppb, respectively, PCB’s ranged 
from 40 to 100 ppb. P,p'’-DDE and p,p'-DDT were found 
in all milk samples, B-BHC in 87.5%, and PCB’s in 20%. 


Introduction 


Laug et al. (5) reported DDT in 30 of 32 human milk 
samples collected in the Washington, D.C., area in 1951. 
Since that time, a number of investigators in the United 
States and other areas of the world have reported or- 
ganochlorine compounds in individual and _ pooled 
human milk samples. Recent interest in the polychlori- 
nated biphenyls (PCB’s) has also resulted in several in- 
vestigators reporting on PCB’s in human adipose tissues, 
plasma, and human milk. Dyment et al. (2) were unable 
to find PCB’s in human milk collected from participants 
living in Texas and New Guinea. Finklea et al. (3), in a 
study of 723 plasma samples collected from volunteers 
living in Charleston County, S. C., found p,p’-DDT 
and DDE almost universal, DDD in 84%, dieldrin in 
63%, and PCB’s in 43% of the study participants. 
Newton and Greene (7) analyzed 67 rural and urban 
human milk samples collected in Australia for organo- 
chlorine pesticides. All samples contained DDT and 
DDE, 12 contained DDD. and 29 contained dieldrin; 
they did not report on PCB's. 


1From the Institute of Rural Environmental Health, Department of 
Microbiology, College of Veterinary Medicine and Biomedical Sciences. 
Colorado State University, Fort Collins, Colo. 80521. 
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The current study reports levels of the organochlorine 
pesticides B-BHC, p,p’-DDE, 0,p’-DDT, p,p’-DDT, 
p,p’-DDD, dieldrin, heptachlor epoxide, and the indus- 
trial pollutant PCB’s in 40 human milk samples collected 
from women in rural Colorado during 1971-72. 


Sampling and Analyses 


Participants were asked to manually express milk 
samples into glass tubes equipped with plastic screw 
caps and teflon liners. The filled tubes were kept frozen 
until time of extraction. 


Analytical standards for the chlorinated pesticides were 
obtained from the pesticide repository of the U.S. En- 
vironmental Protection Agency Laboratory, Perrine, 
Fla. The Aroclor analytical standards were obtained 
from the Monsanto Chemical Co., St. Louis, Mo. 
Solvents were redistilled in glass prior to use. The evalua- 
tion, storage, activation, and use of the Florisil followed 
the recommended procedures described in the “Manual 
of Analytical Methods” (8). 


The extraction procedure used was a modification of 
those described by Guiffrida et al. (4) and Curley and 
Kimbrough (/). The procedure consisted of 3 parts: (1) 
isolating the fat from the milk, (2) extracting the Aro- 
clors and pesticides from the fat, and (3) cleaning up the 
extract. 


Whole milk (4.5 g to 24.3 g) was weighed into clean 
glass centrifuge bottles. Glass wool was added to adhere 
to the coarse precipitate of the milk solids. After addi- 
tion of 100 ml of acetone, the sample was shaken manu- 
ally for 1 minute and centrifuged for 2 minutes. The 
acetone layer was then transferred to a 1-liter separatory 
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funnel. The extraction procedure was repeated three 
more times with equal volumes of 25 ml of acetone each 
time. All four acetone extractions were combined in the 
1-liter separatory funnel. 


Twenty-five milliliters of n-hexane was then added to 
the coarse precipitate of milk solids. shaken. centrifuged, 
decanted, and combined with the acetone extracts in the 
\-liter separatory funnel. This procedure was repeated, 
and then a volume of 125 ml of 2% sodium sulfate 
solution and 50 ml n-hexane was added to the acetone 
and hexane extracts. The separatory funnel was shaken 
manually for | minute and the lower aqueous layer was 
discarded. The 2% sodium sulfate washing was again 
repeated, the lower aqueous layer discarded, and the 
n-hexane layer poured into a 500-ml concentrator flask. 
The sample extract was taken through the Florisil pro- 
cedure as described in the “Manual of Analytical 
Methods” (8). 


Primary identification and quantification of the pesti- 
cides was accomplished on a MicroTek 220 Gas Chro- 
matograph equipped with a Ni™ electron capture de- 
tector and Coulson conductivity detector. Two columns 
having different resolution characteristics were utilized 
on all samples. Instrument parameters were as follows: 


Columns: (A) Borosilicate glass, 6’x 4”, packed with 1.5% 
OV-17 and 1.95% QF-1 on Gas Chrom Q 100- 
120 mesh Applied Science 
(B) Borosilicate glass, 6’x%”, packed with 4% 
SE-30 and 6% OV-210 on Gas Chrom Q 100- 
120 mesh Applied Science 
(C) Borosilicate glass, 6’x%4”, packed with 3% 
OV-1—column obtained from Tracor 
Detectors: (A) Electron capture, having 14.5 mc Ni®® ionizing 
source 
(B) Coulson conductivity operated in the chloride 
mode 
Temperatures: (A) Electron capture 
Injector 245° C 
Column 200° C 
Detector 300° C 
(B) Coulson conductivity 
Injector 245° C 
Column 200° C 
Furnace 820° C 
Block 230° C 
Carrier gas: High purified nitrogen 
Flow rates: 60 cc/min for Column A 
100 cc/min for Column B 
Approx. 60 cc/min for Column C 


Primary quantification of the Aroclors was accomplished 
by thin layer chromatography (TLC). TLC provides a 
sound approach for the semi-quantitation of the stated 
PCB’s because the various compounds of the series have 
similar Rf values and therefore produce a single spot. 
Six percent ethyl ether/n-hexane eluate, in concentrate 
form, is treated with KOH to effect dehydrochlorination 
of DDT and DDD to their olefins, thus eliminating the 
problem of separating these pesticides from the PCBs’. 
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Oxidative treatment is then applied to convert any in- 
terfering DDE to p,p’-dichlorobenzophenone which has 
an Rf value different from the PCB’s. The PCB’s are 
then determined by thin layer chromatography. The 
procedure used is a modification of the one described 
in the “Manual of Analytical Methods” (8) which is 
based on the method used by Mullhern et al. (6). 


Gas chromatographic sensitivity limits for p,p’-DDT 
and Aroclor 1254® were 20 and 500 picograms, respec- 
tively. TLC sensitivity limits for the Aroclors were based 
upon visual comparison of sample spot intensity to the 
intensities of Aroclor standards at 25, 50, 100, and 400 
ng/pl. Recovery rates were established by spiking 
separate milk samples with known amounts of standards 
as follows: Arocolor 1254® at 0.5 ppm and Aroclor 
1260® at 1.25 ppm; B-BHC, p.p’-DDE, o.p’-DDT, 
p.p’-DDD, and dieldrin at 1 ppb; p,p’-DDT, a-BHC, al- 
drin, lindane, heptachlor, and heptachlor epoxide at 4 
ppb. These samples were then analyzed utilizing the 
described procedures. Recoveries from the spiked pesti- 
cide samples were based on unspiked control samples. 
The pesticide recoveries ranged from 85.2 to 118%. 
Recoveries for the Aroclor samples based on five major 
peaks ranged from 75 to 83%. For further verification, 
the PCB samples were spotted on thin layer plates and 
compared with gas chromatographic data. The TLC 
recoveries ranged from 75 to 90%. Residues were not 
corrected for percent recovery. 


All samples were placed on two different columns for 
electron capture detection and then concentrated to 1.0 
ml or below for analyses on the Coulson detector. 


Results 


The percent of human milk samples with residues of 
organochlorine pesticides and PCB’s are presented in 
Table |. P.p’-DDE and p.p’-DDT were found in all 40 
milk samples. B-BHC was found in 87.5% and PCB's 
in 20% of the samples. 


TABLE 1.—Percent of total milk samples with 
organochlorine pesticide residues and PCB’s, 
based on 40 samples, Colorado—1971-72 





PERCENT POSITIVE 
SAMPLES 


COMPOUND 





p.p’-DDE 100.00 
p.p’-DDT 100.00 
B-BHC 87.5 
o,p'-DDT 72.5 
p.p’-DDD 35.0 
Dieldrin 45.0 
Heptachlor epoxide 25.0 
PCB's 20.0 
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The levels of selected organochlorine pesticides and 
PCB’s in each of the 40 milk samples are listed in Table 
2. The highest levels found were of p,p’-DDE which 
‘ranged from 19 to 386 ppb and p,p’-DDT. from 7 to 
109 ppb. B-BHC, o,p'-DDT, dieldrin, heptachlor ep- 
oxide, and p,p’-DDD ranged from a trace to 38, 13, 11, 
5, and 5 ppb, respectively. PCB’s ranged from 40 to 100 


ppb. 


Values for total organochlorine pesticides and PCB’s in 
each sample are given in Table 3 with selected epi- 
demiological data for each donor: age, occupation, birth- 
place, number of years lived in Colorado, and whether 
the participant had ever lived in a city of 50,000 popula- 
tion or greater. The total organochlorine levels ranged 
from a high of 521 to a low of 27 ppb. The age of par- 
ticipants ranged from 19 to 33 years. 


Discussion 


All samples contained p.p’-DDE and p.p’-DDT:; 
B-BHC was found in 87.5%, 0,p’-DDT in 72.5%, 
dieldrin in 45%, and PCB's in 20% of the samples. 
Milk from one study participant (No. 20) contained 
quantifiable levels of all compounds except heptachlor 
epoxide. Heptachlor epoxide and PCB’s were never 
found in the same sample in the study. and p,p’-DDD 
and PCB’s were found in the same sample on only one 
occasion. The total organochlorines per sample ranged 
from 27 to 521 ppb. The sample with the lowest level of 
organochlorines contained p.p’-DDE and p,p’-DDT. The 
sample with the highest level contained B-BHC. p.p’- 
DDE, p,p’-DDT, dieldrin, and a trace of o,p'-DDT. 
p.p -DDD, and heptachlor epoxide. The highest level of 
total organochlorines occurred in the sample from a 
24-year-old housewife who had spent all but 1 year of 
her life in Colorado. Only nine women had not lived in 
a city of 50,000 population or greater. Two of these nine 
were positive for PCB’s. The fact that p,p’-DDE and 
p.p’-DDT were found in all samples was not surprising 
as Laug et al. (5) found DDT in 30 of 32 milk samples 
collected in the Washington, D. C., area in 1951. 


Newton and Greene (7) found DDT and DDE in all of 
67 human milk samples collected in Australia. Dieldrin 
was recovered in approximately 43% of the Australian 
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samples and in 45% of the samples in our study. Dyment 
et al. (2) did not find PCB’s in human milk collected 
from residents of New Guinea and Texas, but Finklea et 
al. (3) in a study of plasma collected from volunteers liv- 
ing in Charleston County, S. C., found PCB’s in 43% of 
the study participants. In the current study, we found 
PCB’s in 20% of the samples. 


Results of this study and other studies indicate that 
organochlorines are widespread in human milk. Al- 
though p,p’-DDE and p,p’-DDT are found almost uni- 
versally, p,p’-DDD, dieldrin, heptachlor epoxide, and 
PCB’s are not as widely distributed. 


See Appendix for chemical names of compounds discussed in this 
paper. 
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TABLE 2.—Residues of selected organochlorine pesticides and PCB’s in 40 human milk 
samples, Colorado—1971-72 





RESIDUES IN PPB (fat basis) 





HEPTACHLOR 


p.p’-DDT p.p’-DDD DIELDRIN EPOXIDE 





16 
25 
8 
20 
21 
12 
22 
21 


84 
186 
OR 
41 
58 
124 


262 i 


Range : 19-386 T-13 T-5 T-11 T-5 40-100 
































NOTE:— = not detected; T = trace (present at concentrations below the sensitivity level, confirmed qualitatively but not quantifiable). 
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TABLE 3.—Total organochlorine and PCB's in milk samples, ranked from highest to lowest, 
in selected epidemiological data for sample donors, Colorado—1971-72 





TOTAL 
ORGANOCHLO- 
RINES AND PCB’s 
(PPB) 


RANK 
OF 
SAMPLES 


NUMBER OF | LIVED IN CITY 
OCCUPATION BIRTHPLACE Years LIVED |WITH POPULATION 
IN COLORADO oF 50,000 


Donor AGE 
NUMBER (YEARS) 





Housewife Colorado 23 s $21 
Housewife Florida 8 342 
Housewife Colorado ‘ 322 
Housewife Japan ‘ 322 
Housewife North Dakota 282 
Nurse New York s 197 
Housewife Colorado 197 
Housewife Minnesota 190 
Secretary Ohio 

Medical technician Hawaii 
unknown 
unknown 
Housewife Michigan 
Housewife Germany 
Housewife Colorado 
Housewife Nebraska 
unknown 
Secretary Kentucky 
Housewife Colorado 
Housewife Louisiana 
Housewife California 
Nurse Illinois 
Housewife Colorado 
Housewife Missouri 
Housewife Colorado 
Student Indiana 
Housewife Colorado 
Housewife Colorado 
Beautician Wyoming 
Editor Illinois 
Housewife South Dakota 
Elementary teacher Colorado 
Housewife Indiana 
Housewife lowa 
Housewife Pennsylvania 
Teacher Kansas 
Housewife California 
Beautician Wyoming 
Housewife New York 


Professor Missouri 
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RESIDUES IN FISH, WILDLIFE, 
AND ESTUARIES 


Accumulation and Movement of Mirex in Selected Estuaries 
of South Carolina, 1969-71 * 


P. W. Borthwick?, T. W. Duke’, A. J. Wilson, Jr.”, J. I. Lowe’, 
J. M. Patrick, Jr.*, and J. C. Oberheu® 


ABSTRACT 


In conjunction with a fire ant eradication program during 
which mirex was aerially applied to coastal areas near 
Charleston, S. C., field studies were conducted to monitor 
the movement and accumulation of mirex in the estuarine 
system. 


Collections of background and periodic posttreatment 
samples of water, bottom sediments, shrimp, crabs, fish, and 
estuary-dependent birds and mammals were analyzed for 
mirex using electron-capture gas chromatography. 


The data revealed that (1) mirex was translocated from 
treated lands and high marsh to estuarine biota—all animal 
classes sampled contained mirex; and (2) biological concen- 
tration of mirex occurred—especially in predators such as 
racoons and birds. 


Mirex residue ranges for respective sample categories were: 
water (<10.01 ppb); sediment (0-0.07 ppm); crabs (0-0.60 
ppm); fishes (0-0.82 ppm); shrimps (0-1.3 ppm); mammals 
(0-4.4 ppm); and birds (0-17.0 ppm). No mass mortalities 
were observed during the study. 


Introduction 


Mirex, a chlorinated hydrocarbon, is the insecticide 
component of a bait used in the Southeastern United 
States to control the imported fire ant (Solenopsis saevis- 
sima richteri Forel). This bait was developed after 
various pesticides and pesticide-bait formulations applied 
to control the ants proved to be toxic to nontarget or- 


1Contribution No. 156 from the Gulf Breeze Environmental Research 
Laboratroy, U.S. Environmental Protection Agency, Gulf Breeze, 
Fla, 32561, an Associate Laboratory of the National Environmental 
Research Center, Corvallis, Oreg. 

2Gulf Breeze Environmental Research Laboratory, U.S. Environmental 
Protection Agency, Gulf Breeze, Fla. 32561. 

*Bureau of Sport Fisheries and Wildlife, U.S. Department of the In- 
terior, Atlanta, Ga. 30323. 


6 


ganisms. Large-scale applications of dieldrin and hep- 
tachlor were especially destructive to fish and wildlife 
(2). Mirex was developed specifically to control fire ants 
and, until recently, was not considered to be toxic to 
nontarget organisms. 


Independent experiments conducted under controlled 
conditions in the laboratory at Gulf Breeze, Fla., and at 
Bears Bluff, S. C., showed this chemical to be toxic to 
decapod crustaceans, including juvenile blue crabs and 
penaeid shrimp (/, 5, 6). Because of these and other 
results and concern of commercial fishermen that ap- 
plication of mirex to marsh areas could adversely affect 
fishery resources, application of mirex to the coastal en- 
vironment was suspended and this cooperative study was 
undertaken. 


The Gulf Breeze Laboratory (formerly a_ biological 
laboratory of the Bureau of Commercial Fisheries, Fish 
and Wildlife Service, U.S. Department of the Interior) 
entered an agreement with the U.S. Department of 
Agriculture in September 1969, to study the accumula- 
tion and movement of mirex in the estuarine environ- 
ment near Charleston. S. C. The Bureau of Sport 
Fisheries and Wildlife of the Fish and Wildlife Service 
also agreed to participate in the study which terminated 
July 1, 1971. 


The Gulf Breeze Laboratory was responsible for de- 
signing the study; collecting samples of bottom sediment, 
water, shrimp, crabs, and fish; and for analyzing all 
samples. The Bureau of Sport Fisheries and Wildlife was 
responsible for collecting birds and mammals. 


The purposes of this investigation were (1) to observe 
the possible movement of mirex from treated areas near 
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Charleston, S. C., to the estuarine environment and (2) 
to determine levels of mirex in organisms, particularly 
crabs and shrimp, before, during, and after treatment of 
the area. The investigation began approximately | week 
before the first treatment was applied. Pretreatment 
samples were collected to establish “background” levels 
of mirex in the environment. The short time period be- 
tween the start of the investigation and the application 
of mirex, however, precluded studies necessary to de- 
termine the ecological impact of this chemical on the 
study area. 


Methods 


STUDY AREA 

The estuaries in which these studies were conducted 
border on a fire ant treatment area that extended 30 
miles on either side of a line from Columbia to Charles- 


ton, S. C. The boundary of the treatment area ended 
approximately 12 miles from the coast (Fig. 1). Mirex, 
therefore, was not applied directly to the salt marsh, 
except in an experimental plot near Toogoodoo Creek. 


The topography and biota of the estuarine environment 
are unique and often present special problems to environ- 
mental studies. Estuaries along this portion of the East 
Coast of the United States are protected by barrier islands 
and are supplied silt-laden fresh water by creeks and 
rivers on the mainland. These typical “Spartina” 
marshes support transient populations of crabs, shrimp, 
and fish that develop to maturity in the estuary, then re- 
turn to the sea. In addition, resident populations of shell- 
fish and some fin-fish inhabit the estuary throughout their 
lives. Many predatory birds and mammals depend upon 
the estuarine organisms for food. 


MONITORING STATIONS 
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FIGURE 1.—Sampling sites in selected estuaries of South Carolina, 1969-71 


VoL. 7, No. 1, JUNE 1973 





Descriptions of sampling sites with the dates of mirex 
applications are given in Table 1. 


Perodically, levels of mirex in water, sediment, and 
biota were monitored at (1) four stations near the main 
inland mirex-treated area and within and near a 2-square 
mile plot of salt marsh that was treated experimentally, 
(2) six stations located on the major rivers that drain the 
main inland mirex-treated areas, and (3) a station in a 
semi-enclosed tidal pond 4 miles from the main inland 


mirex-treated area; the banks of the pond (2.5 acres) 
were treated with mirex by hand spreader. 


APPLICATION OF MIREX 


The mirex 4X Bait formulation contained 84.7% corn- 
cob grits, 15.0% soybean oil, and 0.3% mirex. The bait 
was applied at a rate of 1.25 Ib per acre or 1.7 g of 
technical mirex. This produced approximately 16 par- 
ticles of bait per square foot. 


TABLE 1.—Description of sampling sites and dates of mirex application, 


South Carolina, 1969-71 





Map 
LOCATION 
NUMBER 
(Fig. 1) 


A 


NAME AND LOCATION 
OF SAMPLING 
SITE 





Toogoodoo Creek 
Lat, 32° 41’ N 
Long. 80° 18’ W 


Riverland Terrace Pond 
Lat. 32° 46’ N 
Long. 79° 59’ W 


Stono River (Intracoastal 
Waterway) at Log 
Bridge Creek 

Lat. 32° 45’ N 

Long. 80° 08’ W 


Ashley River at 
Runnymeade Plantation 
Lat. 32° 53’ N 

Long. 80° 05’ W 


Cooper River at U.S. 
Naval Ammunition 
Depot 

Lat. 32° 57’ N 

Long. 79° 56’ W 


Ashley River at 
Oldtown Creek 
Lat. 32° 48’ N 
Long. 79° 58’ W 


Wando River at 
Beresford Creek 
Lat. 32° 53’ N 

Long. 79° 53’ W 


South Santee River 
(Intracoastal Waterway ) 
at Alligator Creek 

Lat. 32° 08’ N 

Long. 79° 19° W 





‘bank, and tidal marshes lie along the west side. This 





APPLICATION DATES 





ist 


2p 


3D 





Within the main inland mirex-treated area on the upper 
reaches of the left branch of the Creek. Tidal marshlands 
predominate along the north bank; pine woodlands lie 
to the south. Several homes are in the area. Also treated 
experimentally by helicopter. 


Begins at the mouth of Swinton Creek and continues east- 
ward on lower part of the Creek; partially within the 
mainland treated zone; marsh and woodland areas are 
on each bank. A few homes are along the south bank. 
Also treated experimentally by helicopter. 


Extends southward from the fork of Toogoodoo Creek, 
just south of the experimental area treated by helicopter. 
Extensive farmlands are on the west bank, tidal marsh- 
lands on the east. 


Begins 2 miles south of the helicopter-treated area and 
continues to the mouth of Toogoodoo Creek on the 
Intracoastal Waterway. Uninhabited low marsh areas on 
both sides of the creek are riddled with many small 
tidal creeks. 


Seven miles from main inland treatment area, includes 
one of two adjoining 1l-acre ponds in Riverland Terrace 
(a residential area). The east pond floods and drains 
with the tides into Wappoo Creek (Intracoastal Water- 
way), via two large culverts. The banks of the east pond 
were treated above the high tide mark by hand spreader. 


12/3/69 


Two miles from main inland treatment area. Several 
homes along the east side of the creek; the west side is 
bordered by tidal marshes. 


10/23/69 


Old plantations and rural homes are located on the east 10/22/69 
fresh water station is inside the main inland mirex-treated 
area. 


Bordered on the west bank by high wooded ground. On 
the east side, tidal marshes predominate. This fresh water 
station is inside the main inland mirex-treated area. 


10/17/69 


Six miles from the main inland treated area. The Citadel 
Military College is on the east bank, Charles Towne 
Landing on the west. Several industrial plants and homes, 
in addition to tidal marshes, are on this portion of the 
river. 


10/22/69 


Six miles from the main inland treated area. This unin- 
habited area is bordered by expansive marshlands and 
marsh islands. 


10/17/69 


Six miles from the main inland treated area. This location 
is uninhabited and near the Cape Romain Migratory Bird 
Refuge. 


9/18/69 





10/14-15/69 


6/3-4/70 


7/24/70 


6/18/70 


6/11/70 


6/10/70 


6/10/70 


5/20/70 








10/27-28/70 


12/1/70 
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Mirex 4X Bait was applied by fixed wing multi-engine 
aircraft (PV-2) to the inland treatment area, by heli- 
copter to the Toogoodoo experimental plot, and by hand 
spreaders to the banks of a tidal pond. All applications 
were supervised by USDA. 


The inland treatment area was divided into blocks that 
varied from 350,000 to 450,000 acres. An electronic 
guidance system (Decca Survey System) was set up in 
each block. This system consisted of three transmitting 
and receiving stations (one master station and two slave 
stations). The master and one of the slave stations pro- 
duced an electronic tracking signal. Equipment mounted 
in the application aircraft received this signal which was 
fed through a computer into a dacometer. By use of the 
dacometer, the aircraft pilot could follow the signal 
from one point to another along the tracking path. 
Uniform application was made across each block by 
flying along a series of parallel signals. The master sta- 
tion and the second slave station produced a ranging 
signal that designated the points along the tracking path 
where the spraying was cut off. These signals. tracking 
and ranging, were converted to a numbering system and 
the system oriented to a map of the area being treated. 


To allow for better control, helicopter applications of 
the mirex bait at the recommended rate were made to 
800 acres of the 1,200-acre Toogoodoo Experimental 
Area. The Bell G-2-A helicopter used for spraying was 
equipped with two side-mounted hoppers (300 pounds 
capacity each) with electrically operated hopper gates. 
agitators, spinner-vane wheels. and spreaders for “posi- 
tive control” at the “cut-off point.” Flying at an air- 
speed of 40 miles per hour and an altitude of 80 feet 
produced a 75-foot wide swath: at 40 feet. a 60-foot 
wide swath. Helium-filled kytoons were used to mark 
each swath path. Bait distribution was even at both 
altitudes, but wind caused considerable aerial drift. 


Approximately 2.5 acres surrounding the tidal pond 
were treated three times at 6-month intervals by hand- 
operated seed spreaders. 


SAMPLING 
Materials Sampled 


Pesticides entering the estuarine environment become 
part of the biogeochemical cycles continually in opera- 
tion within that environment. Therefore, the water, sedi- 
ment, and various biota were sampled to determine 
routes of movement and reservoirs of the chemical in 
the study area. Common and scientific names of aquatic 
animals, birds, and mammals collected for mirex an- 
alysis are listed in Table 2. Crabs and shrimp were of 
special interest because of their sensitivity to mirex. 
Bottom and filter-ieeding fish were also collected since 
they could accumulate mirex from food web organisms 
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that were often difficult to obtain because of their 
transitory nature and movement to deeper water during 
the winter. In general, representatives of all species of 
aquatic organisms caught in the trawl were analyzed for 
mirex. 


In selecting the birds and mammals for residue analysis, 
an effort was made to pick species that were (a) directly 
dependent on the estuarine environment for food: (b) 
most likely to live and feed in the area where they were 
collected; and (c) plentiful enough to allow periodic 
collections with a minimum of difficulty. 


The raccoon was selected as the mammal for sampling 
since it is the most abundant carnivore in the salt marsh, 
where it preys heavily upon crustaceans and shellfish. 
It was more difficult to decide upon a bird species. 
Numerous gulls, shore birds. wading birds, and other 
water birds are found in the estuary, but most of them 
are migratory by nature, moving up and down the coast 
in search of food or as a result of weather changes. Few 
water birds are year-round residents. The clapper rail 
was finally selected as the most sedentary and widely 
distributed bird in the estuaries: when rails were not 
available at a particular sampling station. wading birds 
were collected. All animals collected during this study 
are listed in Table 2. 


Collection of samples 


Aquatic animals were collected with a 12-foot, %4-inch 
bar mesh, otter trawl towed at 3 to 6 knots for 20 
minutes at each station. Pond collections were made 
with a 15-foot, 44-inch mesh haul seine. Occasionally. 
animals near the surface were taken with dip nets; fidder 
crabs and oysters were collected by hand. Raccoons 
were captured with wire live-traps; birds were hunted 
on foot or from a boat. 


Several methods for collecting water (including carbon 
filtration) were considered, but because of the high silt 
content of the well-mixed water, water was collected 
just below the surface in a 1-gallon glass jug and sealed 
with a teflon-lined cap. A modified grab sampler was 
used to collect bottom sediment at each station. A 
sampler especially designed to collect the upper few 
centimeters of bottom sediment was used in specified 
instances. 


Frequency of sampling 


A pretreatment (background) and numerous posttreat- 
ment samples were taken at all stations. Quarterly collec- 
tions of birds and mammals were scheduled around 
the first week in September, December, March, and 
June. Periodically, this schedule was altered by 2 or 3 
weeks to select the week of highest tides for the best 
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TABLE 2.—Common and scientific names of aquatic animals, birds, and mammals collected for mirex residue analysis 





CRABS 


FISHES—Continued 





Callinectes sapidus Rathbun 
Panopeus herbstii H. Milne Edwards 
Rithropanopeus harrisii Gould 
Callinectes ornatus Ordway 

Uca pugilator (Bosc) 


Blue crab 
Common mud crab 
Mud crab 

Portunid crab 
Sand fiddler 





SHRIMPS 








Penaeus aztecus_ Ives 

Penaeus duorarum Burkenroad 
Palaemonetes pugio Holthuis 
Macrobrachium ohione (Smith) 
Penaeus setiferus (Linnaeus) 


Brown shrimp 
Brown-spotted shrimp 
Grass shrimp 

River shrimp 

White shrimp 





FISHES 





Anguilla rostrata (Lesueur) 
Micropog dulatus (Linnaeus) 
Brevoortia tyrannus (Latrobe) 
Menidia menidia (Linnaeus) 
Opisthonema oglinum (Lesueur) 
Anchoa mitchilli (Valenciennes) 
Symphurus plagiusa (Linnaeus) 
Pogonias cromis (Linnacus) 
Centropristis striata (Linnaeus) 
Pomatomus saltatrix (Linnaeus) 
Paralichthys oblongus (Mitchill) 


Trinectes maculatus (Bloch and 
Schneider) 


Fundulus heteroclitus (Linnaeus) 
Lagodon rhomboides (Linnaeus) 
Poecilia latipinna (Lesueur) 
Arius felis (Linnaeus) 

Prionotus sp. 


Archosargus probatocephalus 
(Walbaum) 


Bairdiella chrysura Lacépéde 
Snook Centropomus undecimalis (Bloch) 
Southern kingfish Menticirrhus americanus (Linnaeus) 
Spot Leiostomus xanthurus Lacépéde 
Spotted hake Urophycis regius (Walbaum) 


Spotted seatrou‘* Cynoscion nebulosus (Cuvier and 
Valenciennes) 


American eel 

Atlantic croaker 
Atlantic menhaden 
Atlantic silverside 
Atlantic thread herring 
Bay anchovy 
Blackcheek tonguefish 
Black drum 

Black sea bass 
Bluefish 

Fourspot flounder 
Hogchoker 





Mummichog 
Pinfish 
Sailfin molly 
Sea catfish 
Searobin 
Sheepshead 


Silver perch 





Stellifer lanceolatus (Holbrook) 

Fundulus majalis (Walbaum) 

Mugil cephalus Linnaeus 

Cynoscion regalis (Bloch and Schneider) 

Ictalurus catus (Linnaeus) 

Mugil curema_ Valenciennes 

Pseudopleuronectes americanus 
(Walbaum) 


Star drum 
Striped killifish 
Striped mullet 
Weakfish 
White catfish 
White mullet 
Winter flounder 





MISCELLANEOUS AQUATIC ANIMALS 





Crassostrea virginica (Gmelin) 
Lolliguncula brevis (Blainville) 
Doris sp. 

Littorina irrorata (Say) 


American oyster 
Brief squid 
Nudibranch 
Southern periwinkle 





BIRDS 





Botaurus lentiginosus (Rackett) 
Casmerodius albus (Linnaeus) 
Anhinga anhinga (Linnaeus) 
Megaceryle alcyon (Linnaeus) 
Rallus longirostris Boddgert 
Capella gallinago (Linnaeus) 
Butorides virescens (Linnaeus) 
Ixobrychus exilis (Gmelin) 
Florida caerulea (Linnaeus) 
Hydranassa tricolor (Miiller) 
Circus cyaneus (Linnaeus) 
Podilymbus podiceps (Linnaeus) 
Charadrius sp. 

Leucophoyx thula (Molina) 
Porzana carolina (Linnaeus) 
Rallus limicola_ Vieillot 

White ibis Eudocimus albus (Linnaeus) 
Willet Catoptrophorus semipalmatus (Gmelin) 
Yellow-crowned night heron | Nyctanassa violacea (Linnaeus) 


American bittern 
American egret 
Anhinga 

Belted kingfisher 
Clapper rail 
Common snipe 
Green heron 
Least bittern 
Little blue heron 
Louisiana heron 
Marsh hawk 
Pied-billed grebe 
Plover 

Snowy egret 
Sora rail 
Virginia rail 








MAMMALS 





Didelphis virginiana (Linnaeus) 
Procyon lotor (Linnaeus) 


Opossum 


Raccoon 








rail hunting. Samples were taken at the six river stations 
24 hours and 3 months after each of two applications 
of mirex to the inland treatment area by fixed wing 
aircraft. Biweekly collections were made at the four 
stations in the Toogoodoo Creek Plot during the entire 
18 months of the study; mirex was applied to the ex- 
perimental plot by helicopter three times at 6-month 
intervals to high marsh only, i.e., marsh not normally 
covered by tidal waters. Samples were taken from the 
tidal pond 24 hours after each of three hand-spread 
treatments and at irregular intervals between applica- 
tions. 


ANALYTICAL PROCEDURES 
Preparation of samples 


Crabs, shrimp, and fish were prepared separately by 
pooling whole individuals, but birds and mammals were 
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prepared individually. Muscle tissue from breast and 
upper wing in birds and thigh in raccoons and oil glands 
and eggs from birds were analyzed. All samples were 
ground and mixed thoroughly in a blender. A 30-g 
subsample was blended with a desiccant mix composed 
of 10% QUSO (a microfine precipitated silica) and 
90% anhydrous sodium sulfate. This mixture was al- 
ternately frozen and blended until a free-flowing powder 
was obtained. 


Sediment samples were spread on sheets of aluminum 
foil and dried at room temperature. The dry sediment 
was pulversized to a fine powder in a blender. 


At this stage of preparation, the samples were wrapped 
in aluminum foil, packaged in plastic bags, and mailed 
to the Gulf Breeze Laboratory for extracting and 
pesticide residue analysis. 
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Water samples were refrigerated for up to 2 weeks 
until they were mailed to Gulf Breeze for analysis. 


Analysis of samples 

Tissues of shrimp, crabs, and fish mixed with the 
desiccant were extracted for 4 hours with petroleum 
ether in a Soxhlet apparatus. Extracts were concentrated 
to approximately 10 ml and transferred in 3- to 4-ml 
portions to a 400-mm by 20-mm_ chromatographic 
column that contained 76 mm of unactivated Florisil. 
After each portion settled in the column, vacuum was 
applied to evaporate the solvent. This was repeated after 
each addition and after three 5-ml petroleum ether 
rinses of the extraction flask. The vacuum pump was 
disconnected after all solvent had evaporated, and the 
residue was eluted from the column with 70 ml of 9:1 
mixture of acetonitrile and distilled water. The eluate 
was evaporated to dryness and the residue transferred 
to a Florisil column (7) with petroleum ether. 


Sediment samples were dried at room temperature and 
extracted for 4 hours with 10% acetone in petroleum 
ether in a Soxhlet apparatus. Extracts were concentrated 
to approximately 10 ml and transferred to a Florisil 
column (7). 


Water samples were not filtered before being extracted 
with petroleum ether. The extracts were dried with 
anhydrous sodium sulfate and reduced to an appropriate 
volume. 


The extracts of all substrates were identified and meas- 
ured by electron capture gas chromatography. Extract 
volumes were adjusted to obtain a sensitivity of 0.01 
ppm (mg/kg) for tissue and sediment samples and 0.01 
ppb (ug/liter) for water samples. Operating conditions 
of the two 152.4-cm by 3.2-mm glass columns used 
were: 


Liquid phase: 2% OV-101 1:1 2% OV-101 
Solid Support: 100/120 Gas 100/120 Gas 
Chrom Q Chrom Q 
Temperatures : 
Oven: 188° C 180° C 
Injector and detector: 210°C 210° C 
Ne flow rate: 25 ml/min 25 ml/min 








Laboratory tests indicated recovery rates for mirex were 
greater than 85%. Data in this report do not include a 
correction factor for percent recovery. All residues re- 
ported are on a wet-weight basis, except those of sedi- 
ments, which are reported on a dry-weight basis. Thin 


7? 


layer chromatography, “p” values, and mass spectro- 
metry were used to confirm the presence of mirex. 


STATISTICAL ANALYSIS OF DATA 


All statistical comparisons were made with the x°-tesi 
for independent samples (8), and differences were consid- 
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ered real at the 0.01 level of significance. The move- 
ment of mirex into the aquatic environment and its 
consequent accumulation in populations of estuarine 
animals were presumed to be greatest in areas where a 
significantly greater proportion of samples was positive 
for mirex (>0.01 ppm). 


Average residues reported were computed by assuming 
that samples where mirex was not detected (<0.01 ppm) 
actually had no residue. 


Bird and mammal residue data were not analyzed statis- 
tically; however, average mirex residues in muscle 
tissues are tabulated for herons and egrets (Table 10), 
clapper rails (Table 11), and raccoons (Table 13). 


Results 


PRETREATMENT SAMPLES 

Mirex was not detected in any pretreatment samples of 
crabs, shrimp, fish, sediment, or water taken from the 
six monitoring stations, Toogoodoo stations, or the 
Riverland Terrace pond. Mirex residues were found in 
about one-third of the pretreatment samples of migra- 
tory birds (Table 9). Only one raccoon was collected 
before treatment, and this sample was free of mirex 
residues. Background residues in birds collected in the 
Charleston area are discussed in the section on “Signifi- 
cance of Data.” 


WATER AND SEDIMENT SAMPLES 

Mirex was not detected in water samples during the 
study. No attempt was made, however, to concentrate 
water samples (such as carbon filtration of large volumes 
of water). 


Sediment samples were negative, except in six instances 
(three samples from Riverland Terrace pond and three 
from the Ashley River within the treated zone). Ac- 
cordingly, mirex residues in water and sediment are 
not reported in tabular form. 


ACCUMULATION OF MIREX IN BIOTA 
Biological concentration of mirex occurred 
estuarine food web as shown below: 


in the 











SAMPLE RESIDUE RANGE PERCENT OF POSTTREATMENT 
(ppm) SAMPLES WITH MIREX RESIDUES 
Water < 0.01 ppb 0 
Sediment 0*-0.07 3 
Crabs 0-0.60 31 
Fishes 0-0.82 15 
Shrimps 0-1.3 10 
Mammals 0-4.4 54 
Birds 0-17.0 78 





*0= < 0.01 ppm 


Differences in the amounts of mirex accumulated by 
the animals were probably caused by variables such as 
proximity to the treated area, duration of exposure to a 
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mirex-contaminated habitat, seasonal habits, avoidance 
ability, and position in the food web. 


Additional variation may depend upon parameters such 
as method of application, amount and frequency of rain- 
fall, surface runoff, variations in sea level, and degrada- 
tion. 


Levels of mirex found in the biota are listed in Tables 
5 to 14. 


Discussion 


ANIMAL MORTALITIES 

Procedures used in this study were neither capable of, 
nor intended to comprehensively detect mortality of 
aquatic organisms. The sampling areas were, however, 
inspected for dead or affected animals during each 
sampling period, and mass mortalities would probably 
have been detected visually or in trawl catches. No mass 
mortalities of organisms were observed during the study. 
Our laboratory experiments (5) suggest that mortalities 
in a population of marine crustaceans due to mirex 
would not all occur at the same time. Symptoms of 
mirex poisoning exhibited by shrimp and crabs prior to 
death are irritability. uncoordinated movement, loss of 
equilibrium, and paralysis. An affected crab may live 
several days or even weeks after the initial exposure to 
mirex. Animals in advanced stages of poisoning would 
be highly susceptible to predation by larger carnivores 
and could be swept out of estuaries by tidal action. 
Thus, affected animals could be removed from the 
system without leaving visible evidence of their condi- 
tion. Further, any dead animals would generally enter 
the detritus pool soon after death. 


TOOGOODOO CREEK EXPERIMENTAL AREA— 
1,200-acre plot (Fig. 1) treated by helicopter on Oct. 
14-15, 1969; June 3-4, 1970; and Oct. 27-28. 1970 


Movement of mirex from treated lands above the high- 
tide mark undoubtedly occurred after each of the three 
treatments, especially the first. The mechanisms of 
transporting mirex from treated land areas to the 
Toogoodoo Creek estuary are poorly understood. Sur- 
face runoff into the drainage system (especially after 
heavy rain) is one suspected cause. 


All species sampled contained mirex. Residues first 
appeared in a shrimp sample 2 weeks after the first 
treatment. From then on. the relative frequency of 
mirex-positive samples and the “average” levels of 
mirex residues fluctuated greatly. Mirex was present, 
however, in at least one sample in 33 of 44 collections. 
Some of the statistically significant relationships occur- 
ring within these fluctuations are discussed in the follow- 
ing paragraphs. 
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Application effects 

The relative number of samples that contained mirex 
appeared to increase during the first 10 weeks after each 
treatment and then to decrease in the 10- to 20-week 
period (Table 3). After the first and third treatments, 
the number of positive samples appeared to decrease 
even further in the third interval, 20 to 32 weeks. 


These decreases for each individual treatment were not 
statistically significant; however, when data from all 
treatments were evaluated together, the relationship be- 
tween time elapsed since spraying and the decreasing 
number of positive samples proved to be real. 


Decreases in the percent occurrence of mirex residues 
from the first to the third treatment were significant. 
This could be due to: (1) mirex being translocated 
rapidly from the estuarine biota to reservoirs in fatty 
tissues of predacious birds and mammals, (2) transient 
estuarine animals (e.g., crabs, shrimp) translocating 
mirex during emigration from nursery areas of Toogoo- 
doo Creek, (3) possible differences in the manner in 
which mirex bait was applied by the two helicopter 
pilots, or (4) degradation of mirex by physical, chemical, 
or biological processes. 


Location effects 


The relative number of samples positive for mirex also 
fluctuated with station location. Stations A and B were 
located within the treated area, and Stations C and D 
were downstream from the treated area (Fig. 1). Mirex 
levels at these stations gave some indication of the move- 
ment of mirex from treated land areas into untreated 
areas downstream. 


As expected, more animals from the treated area con- 
tained mirex than did those from downstream stations 
(Table 4). This relationship was statistically significant 
after the first and third applications. but was only ap- 
parent after the second treatment. The frequencies of 
positive samples at stations located within the treated 
zone (A and B) were not significantly different. As 
shown in Table 4, there was an apparent decrease in 
frequency of positive samples with increased distance 
from the treated zone. 


Species effects 

The percent occurrence of mirex was higher in crab 
samples than in fish or shrimp samples. Although this 
difference was apparent at Stations A through D, it was 
Statistically significant only at Station B. Overall, how- 
ever, the higher residues in crabs were significant after 
the first two helicopter treatments, but was not statisti- 
cally significant after the third treatment. The frequency 
of positive samples appeared unrelated to size of crabs 
or to species of fish. 
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TABLE 3.—Percent occurrence of mirex in crab, shrimp, 
and fish samples by time of sample collection in respect to 
mirex application at Toogoodoo Creek Experimental Area 





PERCENT OCCURRENCE OF MIREX BY 
SAMPLING TIME IN WEEKS 
SINCE APPLICATION 


10-20 | 20-32 


APPLICATION 





ToTaL WEEKS 





First (Oct. 14-15, 1969) 18 
Second (June 3-4, 1970) 
Third (Oct. 27-28, 1970) 


30 (0-32 weeks) 
16 (0-20 weeks) 
12 (0-32 weeks) 





Overall Percent Occurrence 19 

















TABLE 4.—Percent occurrence of mirex in aquatic animals 
by sampling site with respect to treated area 





PERCENT OCCURRENCE 
MiIReEX IN ALL Post- 
TREATMENT SAMPLES 
OF Crass, SHRIMP, 
AND FISH 


LOCATION WITH 
RESPECT TO 
TREATED AREA 





Inside treated area 29% 
Inside treated area 24% 
Just outside treated area 17% 
2 miles downstream 
from treated area 





Upstream stations located inside 
main inland treated area 





Downstream stations located out- 
side main inland treated area 











MONITORING STATIONS—mmirex was appiied to inland 
treatment areas (Fig. 1) by fixed-wing aircraft during 
September-Ocotber 1969 and May-June 1970 


Trends in the data were similar to those observed in the 
Toogoodoo Creek Experimental Area. The greatest 
number of positive samples occurred shortly after treat- 
ment and diminished with time. Samples positive for 
mirex were significantly more frequent within the 
treated area, upstream Stations 3 and 4, than at sites 
located outside the treated area, downstream Stations 
2, 5, 6, and 7 (Table 4). 


Although significant differences in percent occurrence 
were noted between these two groups, individual stations 
showed no significant differences because too few 
samples were taken and too few positive samples oc- 
curred for x?-analysis. Also, for the individual monitor- 
ing stations, the relative number of samples containing 
mirex did not vary depending on the type of animal 
sampled. 


A more frequent occurrence of mirex residues was 
apparent after the second application than after the 
first, but this increase was not significant. 
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RIVERLAND TERRACE POND—a 2.5-acre zone around 
the pond treated by hand-operated seed spreader on 
Dec. 3, 1969; July 24, 1970; and Dec. 1, 1970 


Although mirex was applied three times to the banks of 
the pond, it was obviously not accumulated by sampled 
biota. During the study, only two crab samples con- 
tained mirex. In addition, three sediment samples were 
positive. The method of treatment (mirex applied by 
hand to a narrow bank around the pond above the high- 
tide mark on hard mud banks) might have caused the 
occurrence of the mirex in the sediment samples. “Crab 
samples” of sediment often consisted of as many as 20 to 
25 “grabs” taken near the edge of the pond and one or 
more particles of bait could have been picked up with the 
sample. 


Special attention was given Riverland Terrace Pond to 
observe any individual- or mass-mortalities in the pond 
biota. Migration of animals was controlled by means of 
retaining screens (14-inch mesh) placed over two cul- 
verts that flood and drain the treated pond. Daily screen 
checks were made for a 3-week period to reveal any 
distressed, moribund, or dead animals. Crabs, shrimp, 
and fish observed in the pond or on the screens never 
appeared to be affected. 


During several pond collections after treatment, seine- 
hauls revealed large populations of grass shrimp (mostly 
Palaemonetes pugio) and many of the females were 
gravid. On one occasion, grass shrimp were held for 
several weeks in an aquarium, where the shrimp re- 
mained healthy and their eggs seemed to develop and 
hatch normally. At no time was mirex detected in the 
grass shrimp population. 


SIGNIFICANCE OF DATA 


Surprisingly, mirex appeared in one-third of the birds 
in the pretreatment sample. Since the study area had 
not been previously treated with a large-scale applica- 
tion of mirex, the birds must have accumulated the 
residues from some other area. A large acreage around 
Savannah, Ga., had been treated with three successive 
applications of mirex in a pilot study of the feasibility 
of eradication. This area is the likely source of the mirex 
residues. Thus, migration is an important factor in in- 
terpreting the study data. Stewart’s (9) report that 
northern clapper rails banded at Chincoteague, Va. 
migrated southward to winter in the coastal marshes of 
the South Atlantic States, including South Carolina, sup- 
ports this view. 


Measurable levels of mirex appeared at all stations, 
demonstrating that tidal flushing, biological transport, or 
some other mechanism can distribute the chemical 
throughout the estuary, regardless of precautions taken 
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to avoid treatment in the tidal zone. This finding is 
evidence that mirex can become widespread in animal 
food webs. 


The occurrence and amount of mirex in birds and mam- 
mals varied considerably at all stations. This is to be 
expected since all of these animals are more or less 
migratory, and food sources of individuals vary. Simi- 
larly, Keith (4) found that levels of insecticide residues 
in fish-eating birds vary considerably within local popula- 
tions of most species. Even so, average residues that 
appeared at the different stations correlated well with 
station location in respect to treated area, with the 
highest residues occurring at stations within a treated 
area and the lowest at stations farthest from the source 
of contamination. 


Approximately 78% of the 179 birds collected after 
treatment began contained measurable residues of 
mirex, whereas residues were present in only 54% of 
the raccoons. The greater mobility of birds is doubtless 
the reason for this difference. In any case, occurrence of 
mirex residues as well as the quantity of residue in the 
animal appear directly related to drainage and distance 
from a treated area. 


Residues in animals collected from the 2-square-mile 
treatment area on the Toogoodoo creek marshes (Sta- 
tions A, B, and C) were not as great as those from 
animals collected within the inland treatment zone. This 
is not surprising because water as well as food-chain 
organisms in the Toogoodoo marshes were flushed 
twice daily by 4- to 6- foot tides. 


Local and seasonal migrations of the sampled species 
would tend to mask any evidence of residue buildup 
during the course of the study. Even so, the absence of 
any individuals with greatly elevated residue levels in- 
dicates that average levels did not continue to rise 
beyond levels reached in the first few months following 
treatment. Raccoons were the most sedentary animals 
sampled. Data in Table 12 indicate that there was no 
gradual buildup of mirex residues in raccoons, although 
some seasonal variations are apparent. 


The highest mirex residue (17.0 ppm) found in any 
animal analyzed occurred in a kingfisher. The highest 
level found in a raccoon was 4.40 ppm. All birds and 
mammals that contained residues in excess of 1.00 ppm 
are listed in Table 14. All animals on this list, except the 
kingfisher from Station D and two raccoons from Sta- 


tion 2, came from stations classified as having a “high” 
mirex exposure potential. 


See Appendix for chemical name of mirex 
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TABLE 5.—Mirex residues in shrimps by sampling site and sampling time, South Carolina, 1969-71 
[— = not detected] 





SIZE OF MmeEx SIzzE OF Mmex 
ecenten NUMBER IN INDIVIDUALS RESIDUE Pasta tne NUMBER IN INDIVIDUALS RESIDUE 
OM MIREX Coyposrre IN COMPOSITE (PPM— yey TREX ComposiTE IN COMPOSITE (PPM— 
APPLICATION §4 @PLE SAMPLES WHOLE Zante SAMPLE SAMPLES WHOLE 
To SanarLme (INCHES) BODY) ae (INCHES) BODY) 


SAMPLING SITE A—TOOGOODOO CREEK 





SAMPLING SITE C—TOOGOODOO CREEK 





White shrimp Background 3 2.5 White shrimp Background 3 











First application 

(Oct. 14-15, 1969) 

White shrimp 24 hrs 
2 wks 
4 wks 

Brown shrimp 30 wks 

Brown-spotted shrimp 32 wks 


Second application 
(June 3-4, 1970) 
Brown-spotted shrimp 24 hrs 
2 wks 
4 wks 
6 wks 
8 wks 
10 wks 
12 wks 
14 wks 
16 wks 
18 wks 
20 wks 


Third application 
(Oct. 27-28, 1970) 
White shrimp 24 hrs 
2 wks 
Brown-spotted shrimp 20 wks 
24 wks 
28 wks 
30 wks 
32 wks 


12 
12 


5-6 
2.25-2.5 
2.5-3.5 
3.5-4.5 
2.5-5 
2-4 


o 
= 
os 


biti t gti 





SAMPLING SITE B—TOOGOODOO CREEK 





White shrimp Background 


First application 
(Oct. 14-15, 1969) 
White shrimp 24 hrs 
2 wks 
4 wks 
Brown-spotted shrimp 30 wks 
32 wks 


Second application 
(June 3-4, 1970) 
Brown-spotted shrimp 24 hrs 
2 wks 
4 wks 
6 wks 
8 wks 
10 wks 
12 wks 
14 wks 
16 wks 
18 wks 
20 wks 


Third application 
(Oct. 27-28, 1970) 
White shrimp 24 hrs 
2 wks 
Brown-spotted shrimp 18 wks 
22 wks 


24 wks 
26 wks 
28 wks 
30 wks 
32 wks 


4 


3 


Pheted dee 


First application 

(Oct. 14-15, 1969) 

White shrimp 24 hrs 
2 wks 
4 wks 
6 wks 

Brown-spotted shrimp 30 wks 

32 wks 


Second application 
(June 3-4, 1970) 
Brown-spotted shrimp 24 hrs. 
2 wks 
4 wks 
6 wks 
8 wks 
10 wks 
12 wks 
14 wks 
16 wks 
18 wks 
20 wks 


Third application 

(Oct. 27-28, 1970) 

White shrimp 24 hrs 

2 wks 10 
Brown-spotted shrimp 20 wks 4 3.5-4.5 
Grass shrimp 24 wks 132 -75-1.25 
Brown-spotted shrimp 26 wks 9 3.5-5.5 
28 


wks 12 3.5-5 
30 wks 12 4-5 
32 wks 12 3.5-5 





SAMPLING SITE D—TOOGOODOO CREEK 





White shrimp Background 2 6 


First application 

(Oct. 14-15, 1969) 

White shrimp 24 hrs 
2 wks 
4 wks 
6 wks 
8 wks 


Brown-spotted shrimp 24 wks 
30 wks 


= 


Second application 
(June 3-4, 1970) 
Brown-spotted shrimp 24 hrs 
2 wks 
4 wks 
6 wks 
White shrimp 10 wks 
Brown-spotted shrimp 12 wks 
White shrimp 14 wks 
16 wks 
18 wks 
20 wks 


Third application 

(Oct. 27-28, 1970) 

White shrimp 24 hrs 
2 wks 


Brown-spotted shrimp 20 wks 
24 wks 
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TABLE 5.—Mirex residues in shrimps by sampling site and sampling time, South Carolina, 1969-71—Continued 
[— = not detected] 





SIZE OF MIREx 

NUMBER IN INDIVIDUALS RESIDUE 

CoMPOSITE IN COMPOSITE (PPM— 
SAMPLE SAMPLES WHOLE 
(INCHES) BODY) 


INTERVAL 
FROM MIREX 
APPLICATION 
TO SAMPLING 





SIZE OF MiReEx 
Poms NUMBER IN INDIVIDUALS RESIDUE 
A mv COMPOSITE IN C™-rensITE |= (PPM— 

TO SAMPLING Guanes Sanepnas nae 
(INCHES) BODY) 





SAMPLING SITE D—TOOGOODOO CREEK—Continued 





Grass shrimp 24 wks 100 -75-1.25 
26 wks 12 2.5-4 
28 wks 12 34 
30 wks 1 4.5 
32 wks 6 3.5-5.5 





STATION 1—RIVERLAND TERRACE POND (EAST) 





Grass shrimp Background 178 -15-1 


First application 

(Dec. 3, 1969) 

Grass shrimp 48 hrs 
5 mos 


Grass shrimp Background 


Second application 

(July 24, 1970) 

White shrimp 72 hrs 

Grass shrimp 3 mos 1-1.25 
Brown-spotted shrimp 3 mos 2.25-3 


Grass shrimp 4 mos. -75-1.25 


Third application 

(Dec. 1, 1970) 

Grass shrimp 48 hrs 159 -75-1.25 
2 wks 167 .75-1.25 
6 wks 193 .75-1.25 
3 mos 126 .75-1.25 





STATION 2—STONO RIVER, LOG BRIDGE CREEK 





White shrimp 
Brown shrimp 


Background 13 Medium 
Background ou Small 


First application 
(Oct. 23, 1969) 
White shrimp 
Second application 
(June 18, 1970) 


Brown-spotted shrimp 24 hrs 12 4.5-5.5 
White shrimp 3 mos 12 3.5-4.5 





STATION 3—UPPER. ASHLEY RIVER, 
RUNNYMEADE PLANTATION 





River shrimp Background 9 1,5-2.5 
First application 
(Oct. 22, 1969) 


Second application 
(June 11, 1970) 


Brown-spotted shrimp 24 hrs 
White shrimp 3 mos 





STATION 4—COOPER RIVER, U.S. NAVAL 
AMMUNITION DEPOT 





First application 

(Oct. 17, 1969) 

River shrimp 

White shrimp 

Second application 

(June 10, 1970) 

White shrimp 3 mos 10 3-4.5 





STATION 5—LOWER ASHLEY RIVER, 
OLD TOWN CREEK 





White shrimp Background 6 


First application 
(Oct. 22, 1969) 
White shrimp 
Second application 
(June 10, 1970) 


Brown-spotted shrimp 24 hrs 3 
White shrimp 3 mos 7 3-6 





STATION 6—WANDO RIVER, BERESFORD CREEK 





White shrimp Background 4 4.5-5.5 


First application 
(Oct. 17, 1969) 
White shrimp 
Second application 
(June 8, 1970) 


Brown-spotted shrimp 24 hrs 12 3.5-4.5 
White shrimp 3 mos 12 3.5-4 _ 
8 mos 12 3.5-5 _ 





STATION 7-—-SOUTH SANTEE RIVER, ALLIGATOR CREEK 





White shrimp 


Background 8 2.5-4 _ 
First application 

(Sept. 18, 1969) 

White shrimp 

Second application 

(May 20, 1970) 


Brown-spotted shrimp 3 mos 
White shrimp 8 mos 
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TABLE 6.—Mirex residues in crabs by sampling site and sampling time, South Carolina, 1969-7] 
[— = not detected] 





I was. SIZE OF MIREX Ee SIZE OF MIREX 
rom M NUMBER IN INDIVIDUALS RESIDUE Pa pee NUMBER IN INDIVIDUALS RESIDUE 
TREX CoMPOSITE IN COMPOSITE (PPM— SPECIES COMPOSITE INCOMPOSITE (PPM— 


APPLICATION APPLICATION 3 a 
MPLE SAMPLES WHOLE SAMPLE SAMPLES WHOLE 
To Sampiinc | ©“ To SAMPLING oO 





(INCHES) BODY) (INCnES) BODY ) 


SAMPLING SITE A—TOOGOODOO CREEK SAMPLING SITE B—TOOGOODOO CREEK—Continued 











Blue crab Background 1 Third application 
(Oct. 27-28, 1970) 


Blue crab 24 hrs 
Fiddler crab 24 hrs 
Blue crab 4 wks 
6 wks 
Fiddler crab 6 wks 
Blue crab 8 wks 
10 wks 
12 wks 
14 wks 
16 wks 
18 wks 
20 wks 
Second application 22 wks 
(June 3-4, 1970) 24 wks 
26 wks 
Blue crab 28 wks 
32 wks 


First application 
(Oct. 14-15, 1969) 
Blue crab 


aN em Wwe —- NUP 


—AbNaCISCBMWAY 


bbtbtargi 





SAMPLING SITE C—TOOGOODOO CREEK 





Am ANNWUWUY 


Blue crab Background 1 5 


First application 
(Oct. 14-15, 1969) 


Third application Blue crab 


(Oct. 27-28, 1970) 
Blue crab 24 hrs j 
2 wks 1-5 
4 wks 7 2-5 
6 wks 1-2 
8 wks 1-2.5 
10 wks 1-3 
14 wks 1-1.25 
16 wks 1-1.75 
18 wks 1.5-2 
20 wks 1.25-1.5 ; 
22 wks 1-3 Fiddler crab 


24 wks : 3.5-5 Second application 
26 wks 3 1.5-3 


(June 3-4, 1970) 
28 wks 2.5 


30 wks 3.25-4.5 Blue crab 
32 wks s 2-5.5 





SAMPLING SITE B—TOOGOODOO CREEK 





Blue crab Background 1 6 


First application 
(Oct. 14-15, 1969) Fiddler crab 


Blue crab 


Druwne enw 


ind 


Third application 
(Oct. 27-28, 1970) 
Blue crab 
Fiddler crab 

Blue crab 


N 


—_OeOMRnINnNenwPhke awe Tw 


Second application Fiddler crab 
(June 3-4, 1970) Blue crab 

Blue crab 4 wks 

8 wks 

10 wks 

12 wks 

14 wks 

16 wks 

18 wks 

Fiddler crab 21 wks 


mn 


Re-andvavuan 
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TABLE 6.—Mirex residues in crabs by sampling site and sampling time, South Carolina, 1969-71—Continued 
[— = not detected] 





INTERVAL acted nce 
sens hienex NUMBER IN INDIVIDUALS RESIDUE 
Anetmcaron ComMPOSITE INCOMPOSITE (PPM— 

SAMPLE SAMPLES WHOLE 
TO SAMPLING (INCHES) BODY) 


MIREx 
RESIDUE 
(PPM— 

WHOLE 

BODY) 


SIZE OF 
NUMBER IN INDIVIDUALS 
COMPOSITE IN COMPOSITE 
SAMPLE SAMPLES 
(INCHES) 


INTERVAL 
FROM MIREX 
APPLICATION 
TO SAMPLING 


SPECIES SPECIES 





SAMPLING SITE D—TOOGOODOO CREEK STATION 2—STONO RIVER—Continued 





Blue crab Second application 


(June 18, 1970) 
Blue crab 


Background 1 


First application 
(Oct. 14-15, 1969) 


Blue crab 


24 hrs 8 2.5-6 
3 mos 2 5-5.5 
8 mos 12 1.25-4 





Me Me An ws MO NNNYNWDH 


STATION 3—UPPER ASHLEY RIVER, 
RUNNYMEADE PLANTATION 





Blue crab Background 2 1.5 


First application 
(Oct. 22, 1969) 
Blue crab 

Second application 
(June 11, 1970) 


Blue crab 24 hrs a § 





: STATION 4—COOPER RIVER, U.S. NAVAL 
Second application AMMUNITION DEPOT 


(June 3-4, 1970) 
Blue crab 





Blue crab Background 1 


First application 
(Oct. 17, 1969) 


Second application 

(June 10, 1970) 

Blue crab 24 hrs 4 6-8 042 
3 mos 1 4.5 _ 
8 mos 31 .25-.5 a 


WNNN— Dav 


Mud crab 
Third application - 


(Oct. 27-28, 1970) 
Blue crab 





STATION 5—LOWER ASHLEY RIVER, OLD TOWN CREEK 
24 hrs. 1.5-2.5 


2 wks 2-5 

6 wks 1.5-4.5 

8 wks 1-2 
10 wks 1.5-4.5 
12 wks 1-5 
14 wks F 1-2 
16 wks 1-2 
20 wks 1.5-2.5 
24 wks .5-1.25 
26 wks 2.5-3.5 
28 wks 1.75-3.5 
30 wks 2-3 
32 wks 2.5 





Blue crab Background 1 5.5 = 


First application 
(Oct. 22, 1969) 
Blue crab 


Second application 
(June 10, 1970) 


Blue crab 


Mud crab 
Blue crab 24 hrs 5 _ 
3 mos 4 3-5 — 


8 mos 8 1-4 


Cate eet ee ist 





STATION 6—WANDO RIVER, BERESFORD CREEK 





STATION 1—RIVERLAND TERRACE POND (EAST) 





Blue crab Background 3 1-2.5 


First application 
(Dec. 3, 1969) 
Blue crab 


Second application 
(July 24, 1970) 
Blue crab 


Third application 
(Dec. 1, 1970) 
Biue crab 
Fiddler crab 
Blue crab 


48 hrs 2 5-2 
48 hrs 4 5-.75 
2 wks 3 1-3 
3 mos 2 1.5-4.5 





STATION 2—STONO RIVER, LOG BRIDGE CREEK 





Blue crab Background 7 1.5-3 


First application 
(Oct. 23, 1969) 





Blue crab Background 2 1.5-3 


First application 
(Oct. 17, 1969) 
Blue crab 

Second application 
(June 8, 1970 
Blue crab 


3 mos 


24 brs 2-5 025 
3 mos 8 
8 mos 12 


5-6 
1.25-3.25 —_ 





STATION 7—SOUTH SANTEE RIVER, ALLIGATOR CREEK 


Blue crab 





Background 1 $S — 


First application 

(Sept. 18, 1969) 

Blue crab 4.5 
1.5-3 


Second application 

(May 20, 1970) 

Blue crab 24 hrs 2-3 
3 mos 4-5 
8 mos 1-4 
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TABLE 7.—Mirex residues in fishes by sampling site and sampling time, South Carolina, 1969-71 
[— = not detected] 








SIZE OF MIREX SIZE OF MrIReEx 
no nal NUMBER IN INDIVIDUALS RESIDUE Proms; eed x NUMBER IN INDIVIDUALS RESIDUE 
Ageaacatee CoMPOSITE IN COMPOSITE (PPM— SPECIES Ave COMPOSITE INCOMPOSITE (PPM— 

ATION = SAMPLE SAMPLES WHOLE + aro SAMPLE SAMPLES WHOLE 
To SAMPLING (INCHES) BODY) FO CAMPING (INCHES) BODY) 








SAMPLING SITE A—TOOGOODOO CREEK SAMPLING SITE B—TOOGOODOO CREEK—Continued 








i} 
= 
oo 


Blackcheek tonguefish Background 3 Striped mullet 6 wks 5.5-6.5 
Southern kingfish Background 7 Spot 20 wks 6.5-7.5 
Fourspot flounder 22 wks 2.5 
First application 24 wks 3-4 
(Oct. 14-15, 1969) Spot 28 wks 1.5-2.75 
Silver perch ° 30 wks 3-4.5 
32 wks 1 2.5-4.25 





SAMPLING SITE C—TOOGOODOO CREEK 
Atlantic menhaden 





Blackcheek tonguefish Background 3 4 


Spot 
First application 
Second application (Oct. 14-15, 1969) 
(June 3-4, 1970) Hogchoker 24 hrs 
Spot Silver perch 2 wks 
Blackcheek tonguefish 4 wks 

Silver perch 6 wks 
Atlantic menhaden 14 wks 

20 wks 
Mixed fish 22 wks 

24 wks 
Searobin 26 wks 
Spotted hake 26 wks 
Third application Spot 30 wks 
(Oct. 27-28, 1970) 32 wks 
— 24 hrs . 4.5-7 Second application 

ilver perch 2 wks 4.5-5.5 (June 3-4, 1970) 

Striped mullet 6 wks 7 ’ 

10 wks 7-9 Spot 
Silver perch 20 wks 4.5 
Atlantic menhaden 20 wks 4.25 
Bay anchovy 22 wks 2-3 
Silver perch 26 wks 5.5-7 Weakfish 
Spot 28 wks 1,5-3 Spot 

30 wks 2.25-3.25 Silver perch 

32 wks 2-3 


IRRII III 

Dr) 

Awe  wNeaNnUIne 
2111 





SAMPLING SITE B—TOOGOODOO CREEK Spot 





Third application 
Silver perch Background I 3.5 (Oct. 27-28, 1970) 
Silver perch 24 hrs 45 
2 wks 4 
Bay anchovy 26 wks 12 2-3 
Spot 28 wks 12 2.25-3.5 
30 wks 5 3-4.5 
32 wks 12 2.5-4.5 


First application 
(Oct. 14-15, 1969) 
Silver perch 


111 Bl 


Spotted seatrout 
Atlantic menhaden 





SAMPLING SITE D—TOOGOODOO CREEK 





Spot Blackcheek tonguefish Background 2 3 
Bluefish 


Spot 


—— 
Ne whOnn.- -—N 


First application 
(Oct. 14-15, 1972) 
Second application Blackcheek tonguefish 24 hrs 
(June 3-4, 1970) 2w 
4 wks 
o Silver perch 6 wks 
8 wks 
Atlantic menhaden 12 wks 
14 wks 
16 wks 
18 wks 
Mixed fish 20 wks 
Silver perch 24 wks 
Spotted hake 24 wks 
Weakfish . 26 wks 
Spotted hake 26 wks 
Third application Mixed fish 26 wks 
(Oct. 27-28, 1970) Spotted hake 28 wks 
Silver perch 24 hrs - Bluefish 30 wks 
Spot 2 wks Spot 32 wks 


Striped mullet 
Silver perch 
Spot 

Silver perch 
Spot 

Silver perch 





oo 
=n 


an 


— — 
NN Wwe —- Ne NWOON NS UND 








VoL. 7, No. 1, JuNE 1973 








TABLE 7.—Mirex residues in fishes by sampling site and sampling time, South Carolina, 1969-71—Continued 
[— = not detected] 





SIZE OF MIREXx 
oo NuMBER IN. INDIVIDUALS _ RESIDUE 
yes sick TREX ComPosiTE INCOMPOSITE (PPM— 
ATION = SAMPLE SAMPLES WHOLE 

TO SAMPLING (INCHES) BODY) 


Size oF Mmex 
INTERVAL NuMBER IN INDIVIDUALS RESIDUE 
FROM MIREX Coyposrre IN COMPOSITE (PPM— 
APPLICATION “4 mPLE SAMPLES WHOLE 
TO SAMPLING (INCHES) BODY) 





STATION 3—UPPER ASHLEY RIVER, 
RUNNYMEADE PLANTATION 


SAMPLING SITE D—TOOGOODOO CREEK—Continued 





Second application 
(June 3-4, 1970) 
Spot 24 hrs 
2 wks 
4 wks 
10 wks 
Silver perch 12 wks 
14 wks 
16 wks 
Blackcheek tonguefish 18 wks 


FNAWNYNWN 


Third application 

(Oct. 27-28, 1970) 

Silver perch 2 wks 4-45 

Winter flounder 8 wks 10.5 

Spotted hake 18 wks 3-4.5 

Spot 20 wks 4.5 

Spotted hake 24 wks 3.5-6 

Silver perch 26 wks 3-5 

Spot 28 wks 2-3 
30 wks 3-3.5 
32 wks 3-4.5 





Atlantic croaker 
Hog choker 


First application 
(Oct. 22, 1969) 
Hog choker 


White catfish 


Striped mullet 


Second application 
(June 11, 1970) 
Spot 

Silver perch 

Hog choker 

White catfish 


Background 1 
Background 3 


24 hrs 
3 mos 
3 mos 
8 mos 


5 


3-5 
4 
2-2.5 
3.5-7 





STATION 1—RIVERLAND TERRACE POND (EAST) 





Background 13 1-2 
Background 2 4-5 
Background 30 1.5-2.5 


Mummichog 
White mullet 
Atlantic silverside 


First application 
(Dec. 3, 1969) 
Atlantic silverside 
Mummichog 
Atlantic silverside 
White mullet 


Second application 
(July 24, 1970) 
Silver perch 

Sailfin molly 
Atlantic silverside 


Third application 

(Dec. 1, 1970) 

Sailfin molly 48 hrs 18 1-1.5 

White mullet 2 wks 25 -75-1 

Mummichog 2 wks 20 1,.25-2.25 

Atlantic silverside 2 wks 11 1.75-2 
6 wks 25 1.5-2.5 

White mullet 6 wks 12 2.5-3.75 
3 mos 42 1 





STATION 2—STONO RIVER, LOG BRIDGE CREEK 





Blackcheek tonguefish Background 4 3 
Black drum Background 1 5 
Spotted seatrout Background 1 7 


First application 
(Oct. 23, 1969) 
Silver perch 


Second application 
(June 18, 1970) 
Spot 

Silver perch 

Spot 


STATION 4—COOPER RIVER, U.S. NAVAL 
AMMUNITION DEPOT 





Spot 


First application 
(Oct. 17, 1969) 
Silver perch 
Mixed fish 
White catfish 


Second application 
(June 10, 1970) 
Spot 

Hogchoker 

Silver perch 

White catfish 

Spot 

Bay anchovy 


Background 


24 hrs 

24 hrs 
3 mos 
8 mos 
8 mos 
8 mos 


2-3.5 
1.5-2 
5-5.5 
5.5 
4.5-5.5 
1.5-2.25 





STATION 5—LOWER ASHLEY RIVER, OLD TOWN CREEK 





Spot 
Winter flounder 


First application 
(Oct. 22, 1969) 


Background 3 
Background 


Blackcheek tonguefish 24 hrs 


Atlantic menhaden 


Second application 
(June 10, 1970) 
Spot 

Silver perch 
Atlantic menhaden 
Striped mullet 

Star drum 


3 mos 


24 hrs 
3 mos 
8 mos 
8 mos 
8 mos 
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3.5 
8 


2-3 
4-4.5 

4.5 

5.5 
1-1.75 
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TABLE 7.—Mirex residues in fishes by sampling site and sampling time, South Carolina, 1969-71—Continued 
[— = not detected] 





SIZE OF Mrrex 

NUMBER IN INDIVIDUALS RESIDUE 
COMPOSITE IN COMPOSITE (PPM— 
SAMPLE SAMPLES WHOLE 
(INCHES) BODY ) 


INTERVAL 
FROM MIREX 
APPLICATION 
TO SAMPLING 





STATION 6—WANDO RIVER, BERESFORD CREEK 





Silver perch Background 2 4.5 


First application 
(Oct. 17, 1969) 
Pinfish 

Second application 
(June 8, 1970) 
Spot 


Silver perch 


SIZE OF MIREX 
NUMBER IN INDIVIDUALS RESIDUE 
COMPOSITE INCOMPOSITE (PPM— 
SAMPLE SAMPLES WHOLE 
(INCHES) BODY ) 


INTERVAL 
FROM MIREX 
APPLICATION 
TO SAMPLING 


SPECIES 





STATION 7—SOUTH SANTEE RIVER, ALLIGATOR CREEK 





Atlantic croaker Background 2 4 
Hog choker Background 4 2-2.5 — 
Spot Background 3 2-3 _ 


First application 
(Sept. 18, 1969) 


Spot 

Sheepshead 
Second application 
(May 20, 1970) 
Spot 

Silver perch 


Spot 





TABLE 8.—Mirex residues in miscellaneous organisms by sampling site and sampling time, South Carolina, 1969-71 


not detected] 





ievewas: SIZE OF 
" Na NUMBER IN INDIVIDUALS MIREX 
FROM MIREX ComposiTE IN COMPOSITE RESIDUE 


APPLICATION “Sa mPLE SAMPLES (PPM) 1 
TO SAMPLING (INCHES) 


SPECIES 





SAMPLING SITE A—TOOGOODOO CREEK 





Second application 
(June 3-4, 1970) 
American oyster 12 wks 12 2-4 





SAMPLING SITE B—TOOGOODOO CREEK 





First application 
(Oct. 14-15, 1969) 


Brief squid 

Second application 

(June 3-4, 1970) 

American oyster 12 wks 
Third application 

(Oct. 27-28, 1970) 


American oyster 6 wks 28 2-4 
10 wks 18 2-4 
12 wks 10 2-4 








“SAMPLING SITE C—TOOGOODOO CREEK 





First application 
(Oct. 14-15, 1969) 
American oyster 32 wks 
Southern periwinkle 32 wks 
Phytoplankton 

(dry weight) 32 wks 


Second application 
(June 3-4, 1970) 


American oyster 


Third application 

(Oct. 27-28, 1970) 

American oyster 6 wks 
10 wks 
12 wks 

Nudibranch 16 wks 


INTERVAL 
FROM MIREX 
APPLICATION 
TO SAMPLING 


SPECIES 


SIZE OF 


NUMBER IN _ INDIVIDUALS MIREX 
COMPOSITE INCOMPOSITE RESIDUE 
SAMPLE 


SAMPLES (PPM)! 


(INCHES) 





SAMPLING SITE D—TOOGOODOO CREEK 





Second application 
(June 3-4, 1970) 


American oyster 12 wks 12 2-4 





STATION 1—RIVERLAND TERRACE POND (EAST) 





First application 

(Dec. 3, 1969) 

Egg masses from 186 
gravid grass 
shrimp 


Third application 
(Dec. 1, 1970) 
Dead white mullet 2 wks 1 5 _ 


STATION 5—LOWER ASHLEY RIVER, OLD TOWN CREEK 








Second application 
(June 10, 1970) 


Dead striped mullet 24 hrs 1 41.5 = 





STATION 7—SOUTH SANTEE RIVER, ALLIGATOR CREEK 





First application 
(Oct, 18, 1969) 
Pied-billed grebe 
(breast muscle) 
(drowned in net) 3 mos 





! Residues are whole-body basis unless otherwise indicated. 
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TABLE 9.—Mirex residues in birds by sampling site and sampling time, South Carolina, 1969-71 


[— = not detected] 





QUARTERLY 
COLLECTION 


SPECIES 


MirEx 
RESIDUE 
(PPM) ? 


QUARTERLY 
COLLECTION 


SPECIES 


Mimex 
RESIDUE 
(PPM) * 





SAMPLING SITES A-B-C—TOOGOODOO CREEK 


SAMPLING SITE D—TOOGOODOO CREEK—Continued 





December 1969 


March 1970 


May 1970 


September 1970 


December 1970 


February 1971 


May 1971 


Green Heron 
Kingfisher 
Clapper Rail 

do. 

do. 

do. 

do. 

do. 

do. 

Oil glands from 5 Clapper Rails 
Clapper Rail 
do. 
do. 
do. 
do 


do. 
Oil glands from 6 Clapper Rails 


Green Heron 
do. 
do. 
do. 
Yellow Crowned Night Heron 
Little Blue Heron 
Clapper Rail 


Clapper Rail 
do. 
do. 
do. 
do. 


Clapper Rail 
do. 


10 Rails (Muscle) 
10 Rails (Fat) 
Willet 

Kingfisher 


Clapper Rail 
do. 
do. 


do. 
Oil glands from 6 Clapper Rails 
Louisiana Heron 


Clapper Rail 
Louisiana Heron 
do 


Little Blue Heron 
do 


American Egret 
do. 


May 1970 


September 1970 


December 1970 


February 1971 


May 1971 


Plover 
Clapper Rail 
do. 

Kingfisher 
do. 
do. 
Clapper Rail 
do. 
do. 
Clapper Rail 
do. 
do. 


Clapper Rail 
Kingfisher 


Snowy Egret 

Green Heron 

Louisiana Heron 
do. 


a 
= 


[R BBR 111 RSI 


Bl Rs 





STATION 2—STONO RIVER, LOG BRIDGE CREEK 





September 1969 


December 1969 


March 1970 


May 1970 


02 
02 
05S 
63 
02 
.19 
04 


September 1970 


CS 


i} 
3 


December 1970 


B 


February 1971 


May 1971 


American Egret 
Little Blue Heron 
Clapper Rail 


Clapper Rail 
do. 
Clapper Rail 
do. 
do. 

Sora Rail 


Clapper Rail 
do. 


Clapper Rail 
do. 
do. 


Clapper Rail 
do. 


Clapper Rail 
do. 


Clapper Rail 
Little Blue Heron 





STATION 3—UPPER ASHLEY RIVER, 
RUNNYMEADE PLANTATION 





September 1969 


December 1969 


March 1970 


May 1970 





SAMPLING SITE D—TOOGOODOO CREEK 


September 1970 





December 1969 
March 1970 


..Attempts to collect birds unsuccessful. 


Clapper Rail 
do. 


December 1970 


Green Heron 
do. 
do. 


Snowy Egret 
American Bittern 


Snipe 

do 
Anhinga (Juvenile) 
Anhinga 


Kingfisher 
(internal organs) 


Pied-Billed Grebe 
Anhinga 
Snipe 

do 


do. 
do. 


8.30 


.28 
35 


0S 
34 
25 
59 
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TABLE 9.—Mirex residues in birds by sampling site and sampling time, South Carolina, 1969-71—Continued 
[— = not detected] 





QUARTERLY SPECIES Bal COLLECTION Mmsx 


CoLLEcTION (PPM) QUARTERLY rst — 





STATION 3—UPPER ASHLEY RIVER—Continued STATION 5—LOWER ASHLEY RIVER—Continued 





February 1971 Snowy Egret 7 May 1971 Clapper Rail 
Marsh Hawk do. 
do. 
May 1971 Least Bittern s Eggs 
Louisiana Heron 





STATION 6—WANDO RIVER, BERESFORD CREEK 





STATION 4—COOPER RIVER, U.S. NAVAL 
AMMUNITION DEPOT September 1969 Snowy Egret 
American Egret 








September 1969 Louisiana Heron i 
do. _ December 1969 ....Attempts to collect birds unsuccessful___. 


December 1969 ..Attempts to collect birds unsuccessful... March 1970 Clapper Rail 
Snipe 
March 1970 Snipe 14 
do. 89 May 1970 Clapper Rail 
White Ibis 
May 1970 Grebe — 
September 1970 Kingfisher 
September 1970 Louisiana Heron 38 do. 
Green Heron 1.00 Sora Rail 
Clapper Rail 
December 1970 Clapper Rail 0 do. 
do. 94 


December 1970 Clapper Rail 
February 1971 Clapper Rail 19 do. 
American Bittern 04 
Grebe 1.10 February 1971 Clapper Rail 
do. 


May 1971 Least Bittern 2.80 
Clapper Rail .18 May 1971 Green Heron 
Little Blue Heron 





STATION 5—LOWER ASHLEY RIVER, OLD TOWN CREEK 





STATION 7—SOUTH SANTEE RIVER, ALLIGATOR CREEK 








September 1969 Louisiana Heron 
American Egret September 1969 Snowy Egret 
Little Blue Heron 
December 1969 Clapper Rail 
do. December 1969 Clapper Rail 
do. 


March 1970 Clapper Rail 
do. 


Sora Rail 4 
Virginia Rail d May 1970 Snowy Egret 
do. 


March 1970 Grebe 


May 1970 Clapper Rail 
do. September 1970 Kingfisher 
Eggs do. 


September 1970 Clapper Rail December 1970 Snowy Egret 
do. F American Egret 


December 1970 Clapper Rail . February 1971 Snowy Egret 
do. F Louisiana Heron 


February 1971 Clapper Rail J May 1971 Clapper Rail 
Sora Rail J Snowy Egret 





‘ Residues are breast and upper wing muscle unless otherwise indicated. 
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TABLE 10.—Average mirex residues in muscle tissue of 
herons and egrets at each station, 
South Carolina, 1969-71 


TABLE 11.—Average mirex residues in muscle tissue of 
clapper rails at each station, South Carolina, 1969-71 








AVERAGE RESIDUES IN PPM AND NUMBER OF BIRDS 





STATION Sent Dec. Mar. May Sept. Dec. Feb. 
1969 1969 1970 1970 1970 1970 1971 


AVERAGE RESIDUES IN PPM AND NUMBER OF Birps ( ) 


STATION ‘Sent. Dec. Mar. May Sept. Dec. Feb. May 
1969 1969 1970 1970 1970 1970 1971 1971 











A-B-C 07 ll 


99 A 
(1) (6) (1) 
D 


06 
(2) 
18 
(3) 
00 


(2) 


00 
(2) 
45 
(2) 


.00 
(2) 





Overall 
average .12 


Total 
birds (13) 


A-B-C 


60 07 ll 09 07 14 01 
©: ie ay. 2) CE: DD 


D 06 31 00 


d A 04 
(2) (2) = 3) 


d 06 
3) qd) 
-73 10 07 -16 08 ll 
(2) (3) = =) (3) (2) (2) 
77 19 
(2) (1) 
.06 .09 
(2) (1) 
54 39 
(2) (2) 


.00 
(2) 





Overall 
average .19 


Total 
birds (1) 





TABLE 12.—Mirex residues in mammals by sampling site and sampling time, South Carolina, 1969-71 
[— = not detected] 





MIREX 
SPECIES RESIDUE 
(PPM) ! 


QUARTERLY 
COLLECTION 


MIREXx B oe 
SPECIES RESIDUE 
(PPM)? 


QUARTERLY 
COLLECTION 





SAMPLING SITE A—TOOGOODOO CREEK 





December 1969 Raccoon 
Fat 


March 1970 Raccoon 


May 1970 Raccoon 
Raccoon 


September 1970 Raccoon 
Raccoon 


December 1970 Raccoon 
Raccoon 


February 1971 Raccvon 
Raccoon 


May 1971 Raccoon 
Raccoon 


SAMPLING SITE B—TOOGOODOO CREEK—Continued 





September 1970 Raccoon 21 
Raccoon — 


December 1970 Raccoon 
Raccoon 


February 1971 Raccoon 
Raccoon 


May 1971 Raccoon 
Raccoon 





SAMPLING SITE C—TOOGOODOO CREEK 








SAMPLING SITE B—TOOGOODOO CREEK 





December 1969 Raccoon 
Fat 
Raccoon 
Fat 


allt 


March 1970 Raccoon 
Raccoon 


May 1970 Raccoon 
Raccoon 
Raccoon 
Raccoon 


BIRB BS 


December 1960 Raccoon 
Raccoon 


March 1970 _Attempts to collect raccoons unsuccessful_ 
May 1970 Attempts to collect raccoons unsuccessful_..... 


September 1970 Raccoon 
Raccoon 


December 1970 Raccoon 
Raccoon 


February 1971 Raccoon 
Raccoon 


May 1971 Raccoon 
Raccoon 


BS Sk 8S RE 
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TABLE 12.—Mirex residues in mammals by sampling site and sampling time, South Carolina, 1969-71—Continued 
[— = not detected] 





MIREXx 


QUARTERLY SPECIES RESIDUE 
COLLECTION (PPM) ! 


MIREx 
SPECIES RESIDUE 
(PPM) ! 


QUARTERLY 
COLLECTION 





SAMPLING SITE D—TOOGOODOO CREEK 


STATION 4—COOPER RIVER—Continued 





December 1969 Raccoon 
Raccoon 


Fat 
March 1970 


May 1970 Raccoon 01 


Raccoon 04 


September 1970 Raccoon 01 


Raccoon = 


Raccoon 
Raccoon 


Raccoon _ 
Raccoon 04 


December 1970 


February 1971 


May 1971 Raccoon 


Raccoon _ 


....Attempts to collect raccoons unsuccessful_.. 





September 1970 Raccoon 90 


Raccoon 1.30 
December 1970 Attempts to collect raccoons unsuccessful_ 
February 1971 


May 1971 


Attempts to collect raccoons unsuccessful_. 


_Attempts to collect raccoons unsuccessful_ 





STATION 5—LOWER ASHLEY RIVER, OLD TOWN CREEK 





December 1969 Raccoon 


Raccoon 


March 1970 Raccoon 
Raccoon 
May 1970 Raccoon 
Raccoon 





STATION 2—STONO RIVER, LOG BRIDGE CREEK 





December 1969 Raccoon a 
Fat _ 
Raccoon 
Fat 
March 1970 Raccoon 
May 1970 Raccoon 
Raccoon 
September 1970 Raccoon 
Raccoon 
December 1970 Raccoon 
Raccoon 
February 1971 Raccoon 
Raccoon 


May 1971 Raccoon 





STATION 3—UPPER ASHLEY RIVER, 
RUNNYMEADE PLANTATION 





December 1969 .....Attempts to collect raccoons unsuccessful_. 


March 1970 _Attempts to collect raccoons unsuccessful 


May 1970 Raccoon o 


September 1970 Raccoon 56 
Raccoon 12 
Raccoon 88 
December 1970 Raccoon 10 
Raccoon 


February 1971 Raccoon 


May 1971 Raccoon 
Raccoon 
Opossum 





STATION 4—COOPER RIVER, U.S. NAVAL 
AMMUNITION DEPOT 





Raccoon 
Raccoon 


December 1969 


Raccoon 
Raccoon 


March 1970 


May 1970 Raccoon 


September 1970 Raccoon 


Raccoon 


December 1970 Raccoon 
Raccoon 
February 1971 Raccoon 
Raccoon 
May 1971 Raccoon 

Raccoon 05 





STATION 6—WANDO RIVER, BERESFORD CREEK 


December 1969 





Raccoon 04 
Raccoon wia.. 


March 1970 seo 


May 1970 


September 1970 


December 1970 


Raccoon 
Raccoon 


February 1971 Raccoon 


Raccoon 
May 1971 Raccoon 
Opossum 80 
Opossum 2.20 





STATION 7—SOUTH SANTEE RIVER, ALLIGATOR CREEK 





September 1969 Raccoon _ 


December 1969 


March 1970 


May 1970 ..Attempts to collect raccoons unsuccessful_. 
September 1970 _Attempts to collect raccoons unsuccessful_.... 


December 1970 Raccoon 
February 1971 


May 1971 





' Residues for thigh muscles unless otherwise indicated. 
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TABLE 13.—Average mirex residues in muscle tissue of TABLE 14.—Summary of birds and mammals containing 
raccoons at each station, South Carolina, 1969-71 mirex residues in excess of 1.0 ppm, South Carolina, 1969-71 





AVERAGE RESIDUES IN PPM AND NUMBER OF RACCOONS (_ ) deans: MIREXx : Mowrs or 


STATION RESIDUES 
STATION Sent. Dec. Mar. May Sept. Dec. Feb. May SPECIES IN PPM SAMPLE COLLECTION 
1969 1969 1970 1970 1970 1970 1971 1971 











BIRDS 
A 14 0S -75 14 01 08 44 


(1) (1) (2) (2) (2) (2) (2) 





. 


Kingfisher 1.30 December 1969 
Clapper Rail 1.40 December 1969 
Clapper Rail 1.90 December 1969 
American Egret 5.40 May 1971 
Kingfisher 1.50 September 1970 
American Bittern 1.80 December 1969 
Snipe 1.10 March 1970 
Anhinga 1.70 May 1970 
Kingfisher 17.00 May 1970 
Marsh Hawk 1.50 February 1971 
Least Bittern 2.20 May 1971 
Louisiana Heron 1.10 May 1971 
Louisiana Heron 1,00 September 1970 
Grebe 1.10 February 1971 
Least Bittern 2.80 May 1971 


eS ££. Be oO #...m 
@ @ OF Sa) ae 


ze 


00 .20 05 07 06 
(2) (2) (2) (2) (2) 


00 é 01 .00 02 .00 
(2) (2) (2) (2) (2) 


00 : 99 


‘ ‘ 00 12 00 
(2) (2) 


(2) (2) 2) 


2 Ss DD 1@ 
3) @) dQ) @) 


1.10 
(2) 


03 03 .00 
(2) (2) (2) 


aeaeawwwwwww J 





MAMMALS 





00 02 02 

(1) (2) (2) 1,30 May 1970 

1.40 May 1970 

1.90 September 1970 

1.90 May 1971 

3.30 May 1971 

4.40 Mezch 1970 
September 1970 

2.20 May 1971 


.00 03 
(2) (2) 
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Eggshell Thinning, Chlorinated Hydrocarbons, and 
Mercury in Inland Aquatic Bird Eggs, 1969 and 1970 ' 


Raymond A. Faber and Joseph J. Hickey 


ABSTRACT 


In the Upper Great Lakes States, 9 out of 13 species of fish- 
eating birds were found in 1969-70 to have sustained statis- 
tically significant decreases in eggshell thickness since 1946. 
Maximum changes in a thickness index occurred in great 
blue herons (—25%), red-breasted mergansers (—23%), 
common mergansers (—15%). and double-crested cormo- 
rants (—15%). Heron eggs taken in Louisiana generally dis- 
played a smaller post-’46 change than herons in the Middle 
West. On a lipid basis, mean PCB- and DDE-residue levels 
exceeded 100 ppm in 7 out of 13 species in the Great Lakes 
States, and in 2 of 7 species in Louisiana, the average DDE: 
PCB ratios in the two regions being 1.25:1 and 3.9:1, re- 
spectively. Individual dieldrin values tended to be higher in 
Louisiana (31.6 and 13.95 ppm in heron species from two 
different locations), although values reached 10.1 and 9.4 
ppm in great blue and black-crowned night herons in Wis- 
consin. BHC averaged 3.01 and 0.39 ppm in the Lake States 
and Louisiana, respectively. Of eggs examined for mercury. 
29% had levels greater than 0.5 ppm, and 9%, greater than 
1.0 ppm on a wet-weight basis. Mercury levels in a small 
sample of eggs from Louisiana were consistently low. The 
differences in mercury levels between the two regions thus 
were similar to those found for the chlorinated hydrocarbons. 
While DDE was a prominent factor for most groups, especi- 
ally herons, in relation to the eggshell thinning observed, 
dieldrin was also important to two groups even though DDE 
was present in much higher amounts. PCB’s were also im- 
portant to mergansers, while mercury was positively cor- 
related with thickness index in grebes and negatively cor- 
related in mergansers. 


1From the Department of Wildlife Ecology, University of Wisconsin, 

Madison, Wis. 53706, under contract with the Bureau of Sport Fish- 
eries and Wildlife, U.S. Department of the Interior, Patuxent Wild- 
life Research Center, Laurel, Md. 
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Introduction 


This report summarizes the levels of chlorinated hydro- 
carbons and mercury in 117 eggs of 19 species of 
aquatic-feeding birds collected in 1969 and 1970 in 
the Upper Great Lakes States (Wisconsin, Michigan, 
and Minnesota) and in Louisiana. Shell thickness and a 
thickness index (24) for these 117 eggs are compared to 
museum data for eggs collected before 1947. Of the 30 
species of raptorial and fish-eating birds in which the 
eggshell-thinning phenomenon has now been found in 
great Britain (25) and North America (/), 6 species are 
known to have DDE associated with this phenomenon 
(2. 4, 7. 9, 13, 16, 32). Blus et al. (4) used multiple 
regression to obtain a predictive equation for shell thick- 
ness of brown pelican eggs (Pelecanus occidentalis) in 
which DDE was the most important factor. Laboratory 
confirmation of this DDE effect has been provided by 
Heath et al. (14), Bitman et al. (3), and Wiemeyer and 
Porter (33). The effect of dieldrin on eggshell thinning 
has also been reported by Lehner and Egbert (22) and 
Enderson and Berger (9). 


Because of the combined presence of the chlorinated 
hydrocarbons in animal tissues. partial-correlation 
analysis (28, 29) was used in this study to determine the 
importance of each chemical, including mercury, to 
eggshell-thickness changes in the 6 families and 19 
species in our samples. Chemical residues in birds’ eggs, 
of course, only reflect levels in the females that laid the 
eggs and are not necessarily the cause of shell-thinning. 
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Methods 


FIELD COLLECTIONS 


All eggs were collected in 1970 except for those of the 
redbreasted merganser which were collected in 1969. 
Sites for collection within the Great Lakes area and 
Louisiana were selected largely on the basis of availa- 
bility rather than with regard to probably “polluted” 
areas, except in the case of the herring gull. Herring 
gull eggs came from upper Green Bay, Wis., where 
eggs in previous years have had high levels of DDE 
(20). Only one viable egg was collected from each 
active nest, but all eggs were collected from nests con- 
taining only addled or abandoned eggs. All eggs were 
wrapped in aluminum foil and frozen until analysis. 


EGGSHELL MEASUREMENTS 


Eggshell measurements of pre-1947 eggs were taken 
from specimens in the collections of five museums and 
one private collector. All eggshells were measured fol- 


lowing the methods of Hickey and Anderson (/6). In 
order to increase sample size, we first compared pre- 
1947 data from different regions; if no significant dif- 
ferences were found, we combined the samples to form 
a larger one for comparison with the 1970 data. These 
data are presented in Table 1. For some species, a few 
eggs collected after 1946 (usually 1958 or after) were 
found in these collections. In these cases, comparisons 
were made in two ways, i.e., pre-1947 with 1970 and 
pre-1947 with 1970 and the post-1946 museum eggs 
combined. 


In addition to shell thickness, we relied on a statistic— 
thickness index—initially used by Ratcliffe (24) and 
calculated as shell weight divided by the product of egg 
length times breadth. The thickness index was used to 
measure eggshell changes for two reasons: (1) it seems 
to be less subject to variation in the measuring technique 
when many species with very different eggshell char- 


TABLE 1.—Comparison of pre-1947 eggshell thickness and thickness index with 1970 data and with 1970 and post-1946 
museum egg data combined 





MEAN THICKNESS IN MM + 95% CONFIDENCE LEVEL 


MEAN THICKNESS INDEX + 95% CONFIDENCE LEVEL 





COMMON AND 
SCIENTIFIC 
NAME 


COLLECTION 


REGION (N) Pre-1947 


(N) 1970 1/ 
(N) 1970 ano 
Post-1946 
Museum Egg 
Data Combined 


(CN) 1970 1/ 
(N) 1970 anp 
Post-1946 
Museum Egg 
Data Combined 


PERCENT 
CHANGE 


PERCENT 


CHANGE (N) PRE-1947 








(112) 0.357 + .00S 


Red-necked grebe| Wisconsin 
(Podiceps 
grisegena) Wisconsin and 


Ontario 





Pied-billed grebe | Wisconsin 
(Podilymbus | 


podiceps) 


(71) 0.286 + .005 
| Wisconsin 


White pelican Minnesota 2 (92) 0.683 + .010 
(Pelecanus 
erythrorhyncos) 
Double-crested 
cormorant | Minnesota 
(Phalacrocorax 


auritus) 


2 (350) 0.430 + .003 


Great blue heron | Wisconsin 2 (170) 0.393 + .004 
(Ardea 
herodias) 

Common egret Wisconsin (235) 0.295 + .003 

(Casmerodius 


albus) 


Black-crowned 
night heron 

(Nycticorax 

nyticorax) 


Wisconsin 2 (134) 0.287 + .003 


American bittern | Wisconsin (68) 0.243 + .004 (1) 0.24 
(Botaurus 


lentiginosus) 


Hooded 
merganser 
(Lophodytes 
cucullatus) 


Wisconsin (44) 0.614 + .019 


Common 
merganser 

(Mergus 
merganser) 


Wisconsin and (45) 0.437 + .014 


Michigan 














(2) 0.350 + .00 
(6) 0.338 + .015 


(9) 0.288 + .021 


(10) 0.633 + .040 


(19) 0.370 + .014 


(5) 0.330 + .029 


(4) 0.275 + .062 


(6) 0.272 + .023 


(11) 0.599 + .035 


(13) 0.368 + .012 


(112) 184+ (3) 1.62 + .21 


(7) 1.68 + 10 


(71) 147+ | (9) 1.45 + .12 
(17) 1.42 + .06 


3(94) 333 2.4 (10) 3.12 + .22 


2 (370) 2.12 . (19) 1.80 + .08 


2 (288) 2.05 + (5) 1.54 .18 


(235) 149+ | (4) 1.38 + 34 


2(158) 144+ . (6) 1.30 .14 


(72) 1.22 .02 (1) 1.18 


(44) 4.00+ . 


(11) 3.82 + .24 


(62) 2.49+ .06| (13) 2.11 + .08 














jh cisdamseid-aieaitagitntaaiapaeiilerd die 
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acteristics are considered; and (2) there seems to be a 
change in density of the shell in very thin-shelled eggs in 
some species (/0). 


CHEMICAL ANALYSIS 

All eggs were analyzed for chlorinated hydrocarbons by 
WARF Institute, Inc., Madison, Wis., using gas chro- 
matography. Methods of analysis followed those given 
by Anderson et al. (2) with the exception described here. 
A Barber-Coleman Pesticide Analyzer Model 5360 with 
two columis was used: one column was packed with 
5% DC-200 on 60/70-mesh Chromport XXX, with a 
column temperature of 200°C and a nitrogen flow rate 
such that p,p’-DDT had a retention time of 6-8 minutes. 
The other column was packed with 3% OV-17 on 
100/120-mesh Gas Chrom Q, with a column tempera- 
ture of 195° C, and a flow rate such that lindane had a 
retention time of 1 minute. The estimated polychlori- 


nated biphenyl (PCB) values were determined from the 
heights of the peak between TDE and DDT and from 
the peak at DDT after saponification. Recovery rates 
were 80-90%. 


The 86 eggs analyzed for mercury included all eggs 
from the Great Lakes area (one herring gull sample was 
lost) and 1 egg per species, chosen randomly, from the 
7 species of herons from Louisiana. Five black tern eggs 
were analyzed by the Gulf Radiation Technology 
Division, Gulf Energy and Environmental Systems, Inc., 
using neutron-activation analysis, the samples analyzed 
being mostly albumen mixed with a small amount of 
yolk. Weighed portions of each sample were sealed in 
vials and irradiated at a flux of 10!* thermal neutrons 
per cm? per second together with a mercury comparator 
standard. The irradiated samples were digested, in the 
presence of mercury carrier, in a mixture of HNO, and 


TABLE 1.—Comparison of pre-1947 eggshell thickness and thickness index with 1970 data and with 1970 and post-1946 





museum egg data combined—Continued 





COMMON AND 
SCIENTIFIC 
NAME 


COLLECTION 
REGION 


MEAN THICKNESS IN MM + 95% CONFIDENCE LEVEL 


MEAN THICKNESS INDEX + 95% CONFIDENCE LEVEL 





(N) Pre-1947 


(N) 19701/ 
(N) 1970 ano 
Post-1946 
Museum Ege 
Data Combined 


PERCENT 
CHANGE 


(N) PrE-1947 


(N) 19701/ 
(N) 1970 and 
Post-1946 
Museum Egg 
Data Combined 


PERCENT 
CHANGE 





Red-breasted 
merganser 
(Mergus 
serrator) 


Herring gull 
(Larus 
argentatus) 


Black tern 
(Chlidonias 
nigra) 


Green heron 
(Butorides 
virescens) 


Little blue heron 
(Florida 
caerulea) 


Cattle egret 
(Bubulcus 
ibis) 


Common egret 
(Casmerodius 
albus) 


Snowy egret 
(Leucophoyx 
thula) 


Louisiana heron 
(Hydranassa 
tricolor) 


Yellow-crowned 
night heron 
(Nyctanassa 
violacea) 





Wisconsin 


Wisconsin 


Wisconsin 


Louisiana 


Louisiana and 
South Carolina 


Louisiana 


Louisiana 


Louisiana and 
South Carolina 


Louisiana 


Louisiana 


Louisiana and 
South Carolina 


Louisiana 


Louisiana 





(141) 0.365 + .003 


2 (369) 0.375 + .002 


(91) 0.155 + .002 


(100) 0.176 + .002 


(18) 0.239 + .007 


(7) 0.236 + .007 


(235) 0.295 + .003 


(85) 0.235 + .004 


(8) 0.240 + .013 


(71) 0.287 + .004 





(11) 0.303 + .013 


(10) 0.328 + .021 


(5) 0.132 + .022 


(3) 0.163 + .038 


(11) 0.166 + .008 


(5) 0.222 + .030 


(5) 0.228 + .010 


(20) 0.228 + .007 


(5) 0.292 + .013 


(5) 0.222 + 0.27 


(9) 0.220 + .014 


(5) 0.236 + .030 


(5) 0.282 + .027 








(148) 201+ .02 


2 (456) 1.73 + 0.01 


(91) 0.69> | 


(105) 0.89+ | 


(18) 1.14 | 


(7) 1.10 + 


(235) 149+ | 


(85) 1.142% 


(8) 1.19 | 


(71) 145 | 





(11) 1.55 + .08 


(10) 1.49 + .10 


(5) 0.62 + .08 


(3) 0.81 + .31 


(11) 0.83 + .05 


(5) 1.09 + .10 


(5) 1.06 + .06 


(20) 1.07 + 0.3 


(5) 1.44 + .08 


(5) 1.08 + .11 


(9) 1.07 + .06 


(5) 1.14 .14 


(5) 1.44 + .16 








' Red-breasted merganser collected in 1969. 
2 Pre-1974 data from Anderson and Hickey (/). 
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* Significant difffference (P<0.00.) by Student’s t-test. 
** Highly significantly different (P<0.005) 





H.SO, under reflux conditions. Radiochemical pro- 
cedures were used to isolate mercury as the metal. Mul- 
tichannel gamma-ray spectrometry was used to identify 
and quantitate mercury. The remaining eggs were an- 
alyzed for mercury by WARF, Inc., using the method 
in The Analyst (19), modified by atomic absorption 
spectrophotometry with cold vapor. 


These two methods measure total mercury, both organic 
and inorganic. Because of the biological methylation of 
mercury (/8, 2/), and the biological route that mercury 
takes in reaching eggs, we feel it is safe to assume that 
most of the mercury was in the methylated form. Neither 
of the two methods gives consistently higher results than 
the other, but both apparently are not extremely precise 
(R. F. Christensen, personal communication). However. 
both methods give high rates of recovery of standards 
(approximately 91% for atomic absorption and 96% for 
neutron activation). 


Results and Discussion 


EGGSHELL CHANGES 

The major post-1946 eggshell changes encountered in 
this study involved great blue herons (—25%), red- 
breasted mergansers (—23%), common mergansers 
(—15%), and double-crested cormorants (—15%) in that 
order, all of these specimens collected in 1969 or 1970 
from the Great Lakes States (Table 1). In this region. 
9 of 13 species exhibited a statistically significant 
(P<0.05) change in shell thickness or thickness index. 
However, for those species in which addled eggs were 
included, the sample is biased because these eggs have 
been incubated and the thinnest eggs would have been 
broken (//). 


The heron eggs taken farther south displayed a generally 
smaller post-1946 eggshell change. While this change 
was Statistically significant in 2 out of 7 species, eggs of 
the 7 southern species shown in Table 1 involved a mean 
(unweighted for sample size) change in thickness index 
amounting to —4%, whereas eggs of the four herons in 
the Great Lakes States showed a mean change of —11%. 
In eggs of the common egret, the only species for which 
we had samples from both Louisiana and the Great 
Lakes States, the thickness index change in Wisconsin 
was —7% (P<0.05) and in Louisiana. —3% (not 
significant). 


Eggs of each of the 19 species studied had a negative 
change in mean thickness index, although many of 
these changes were not statistically significant. Mean 
changes in measured thickness were negative in all but 
the pied-billed grebe. The mean thickness of one museum 
clutch of post-1946 Louisiana heron eggs from Texas 
was significantly greater than the pre-1947 mean. 
Changes in three museum clutches of Louisiana heron 
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eggs from Mexico were —13% (P<0.005) in thickness 
and —12% (P<0.005) in thickness index. The proba- 
bility of negative changes in the 19 thickness-index 
estimates due to chance alone is infinitesimal (P< 19 x 
10-7) and for negative changes in 18 of the 19 thick- 
ness estimates is very small (P< 36 X 10-8) (R. G. 
Heath, personal communication). 


The differences between percent decrease in thickness 
and thickness index for great blue herons (Table 1) 
illustrate the value of the index. Thin-shelled great blue 
heron eggs have very rough shells which are difficult to 
measure accurately with a thickness micrometer; ap- 
parently, these eggs are also less dense. The thickness 
index takes into account both this change and the 
actual thickness, and probably is better related to the 
decrease in breaking strength that accompanies eggshell 
thinning. 


In general, the consistent pattern of eggshell change in 
these species strongly suggests that, with larger post- 
1946 samples, statistically significant decreases in shell 
thickness will be found in virtually all fish-eating species 
of birds in these latitudes of North America. We are 
uncertain about the biological significance of decreases 
in shell thickness below 10%. Certainly, widespread 
eggshell breakage does not occur with changes below 
this magnitude. Normal eggshells do exhibit wide varia- 
tion in thickness. Ernst Mayr (personal communication) 
feels that natural selection would produce an eggshell 
somewhat thicker than that normally needed to prevent 
breakage. Under normal conditions. the selection pres- 
sure against a genotype with too thin an eggshell is 
probably greater than that against a genotype which uses 
excess metabolic energy in producing a thick eggshell. 


RESIDUE LEVELS IN EGGS 


In Table 2, eggshell changes are compared with mean 
residues of organochlorines, PCB’s, and mercury in the 
eggs. Means influenced by one high value are indicated 
by footnotes. 


Residues of DDE and PCB's varied greatly, both among 
and within species. The herring gull eggs, collected by 
D. W. Anderson, from Sister Island in Green Bay had by 
far the highest levels of any species, while red-breasted 
merganser eggs collected 1 year earlier from the same 
island had almost 10 times less (Table 2). The levels of 
DDE and PCB's found in eggs from Louisiana were 
much lower than those in eggs from the Great Lakes 
States, with one exception, the green heron eggs from 
near Monroe, La. where DDT has been used extensively 
on cotton in the past (L.D. Newsom, personal com- 
munication). Eggs from Louisiana generally had less 
PCB’s in relation to DDE than those from the Great 
Lakes States (see DDE: PCB ratios in Table 2). 
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TABLE 2.—Eggshell thickness changes and mean residues of organochlorines, PCB’s, and mercury by species 





MEAN RESIDUES IN PPM 





SPECIES OF 
s 


PERCENT CHANGE 


IN SHELL 
THICKNESS 
PERCENT CHANGE 
IN SHELL 
THICKNESS INDEX 
DDE To PCB’s 


PERCENT 
Lipp 
DIELpRIN ' 
RATIO OF 





oa 
x 
= 
> 
4 





Red-necked grebe Rush Lake, 
Wis. 


Pied-billed grebe Rush and Mud 
Lakes, Wis. 


White pelican W. Minnesota 


Double-crested 
cormorant W. Minnesota 


Great blue heron Horicon Marsh, 
Wis. 


Common egret Horicon Marsh, 
Wis. . — 7.4* 


Black-crowned Horicon Marsh, 
night heron Wis. 2 9.7 


American bittern N. Wisconsin 3.3 
Hooded merganser N. Wisconsin ’ 4.5 


Common merganser U.P., Mich., and 
N. Wis. —15.3* 


Red-breasted merganser| Green Bay, 
Lake Mich. —22.9* 


Herring gull Green Bay, 
Lake Mich. —13.9* 7.63 


Black tern Green Bay, 
Lake Mich. —10,1* 9.65 








Mean for Great Lakes ; —11.4 9.53 





LOUISIANA 





Green heron Monroe . = — 9.0* 6.69 
Light blue heron Ferriday ; — 44 6.13 
Cattle egret Avery Island 2 — 3.6 6.50 
Common egret Avery Island j — 34 4.77 
Snowy egret Avery Island 7— 5.5 7*— 5.3 6.49 


Louisiana heron Avery Island and 
Ferriday : 4.2 


Yellow-crowned 
night heron Ferriday ‘ 0.7 








Mean for Louisiana 






































1 Lipid-weight basis. 

2 Wet-weight basis. 

3 Influenced by one high value. 

+N = 3. 

5N = 9. 

‘N= 1. 

7 Significant difference when post-1946 museum data are included. 
* Significant difference (P<0.05) by Student’s t-test. 
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Dieldrin residues were generally correlated with those of 
DDE (r = 0.49, P<0.001), although the amounts were 
much lower than DDE and PCB’s. Residue concentra- 
tions in eggs from Louisiana, however, were similar to 
those from the Great Lakes States. This perhaps reflects 
agricultural practices, since dieldrin is widely used to 
dress rice seed in Louisiana (L. D. Newsom, personal 
communication). As shown below, it apparently was 
important in eggshell thinning, at least in eggs of most 
species from the Great Lakes region. 


Residues of DDT + TDE were correlated with DDE 
similar to dieldrin (r=0.44, P<0.001). This is expected 
since the DDE and TDE are degradation products of 
DDT. The levels of DDT + TDE were of the same 
order of magnitude as dieldrin and those in eggs from 
Louisiana were again similar to those from the Great 
Lakes States. 


BHC was present in higher concentrations in eggs 
from the Great Lakes States, just as DDE was. The 
reason for this difference is not readily apparent since 
BHC is used in agriculture in both areas. 


Mercury values for the various species (Table 3) are 
expressed in ppm on a wet-weight rather than lipid- 


weight basis because mercury is distributed more or less 
evenly throughout the egg and is apparently not lipo- 
philic as are the chlorinated hydrocarbons. For those 
species with all eggs containing less than 0.25 ppm of 
mercury (American bittern, pied-billed grebe, white 
pelican, red-necked grebe, and all seven species of 
herons from Louisiana), the residues may represent 
background levels. 


Of all eggs analyzed for mercury in this study, 29% had 
at least 0.5 ppm and 9% at least 1.0 ppm. Nine of the 
13 species from the Great Lakes States had one or more 
values above the 0.5-ppm level. Fimreite (/2) fed grain 
treated with a mercurial fungicide to pheasants; these 
birds, when sacrificed, had 3-13 ppm mercury in their 
livers, and their eggs with 0.5 to 1.5 ppm suffered greater 
embryonic mortality than controls. Vermeer (31), how- 
ever, sampled one egg in each of 28 successful herring 
gull nests and found 24 to contain mercury levels be- 
tween 0.5 and 2.0 ppm. The significance of our mercury 
data is thus unknown at this time. 


Eggs of the three merganser species had relatively high 
levels of mercury, with one clutch of inviable hooded 
merganser eggs having >2 ppm. These were also the only 
species for which abandoned clutches, dump nests, or un- 


TABLE 3..—Distribution of mercury residues in eggs 








SPECIES AREA 
OF OF 
Ecos COLLECTION 


—————— —+ 


Red-necked grebe 


Rush Lake, Wis. 


Pied-billed grebe Mud and Rush Lakes, Wis. 


White pelican Milan, Minn. (western) 


Double-crested cormorant Milan, Minn. (western) 


Great blue heron Horicon Marsh, Wis. 


Common egret Horicon Marsh, Wis. 


Black-crowned night heron Horicon Marsh, Wis. 


American bittern Ladysmith, Wis. 


Hooded merganser Chippewa Co., Wis. 


Hooded merganser Price Co., Wis. 


Common merganser Brule & Pine Rivers, Wis. 


Common merganser Seney, Mich. (U.P.) 


Red-breasted merganser Sister Island, Green Bay, Wis. 


Herring gull Sister Island, Green Bay, Wis. 


Black tern Oconto, Wis. (on Green Bay) 
Seven species of herons 


and egrets Louisiana 





TOTAL 





NUMBER OF EGGS PER RESIDUE LEVEL 
(PPM, WET-WEIGHT BASIS) 


0.05- 0.25- 0.50- 
0.24 0.49 0.99 














86 




















1 Four of these were reported as >1.0 ppm, but had to be adjusted for desiccation. 
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hatched eggs were found in the course of our searching 
for active nests. Of 16 nests located for the three species 
of mergansers, 11 were in one or another of these 
categories. However, some eggs with more than 1.0 ppm 
came from active nests and were in an advanced in- 
cubation stage when taken. The addled red-breasted 
merganser eggs (Table 4) showed high mercury levels 
(1.1-1.9 ppm) and also high dieldrin levels (6.44-9.73 
ppm, lipid basis.), while viable eggs collected from the 
same nests had much lower dieldrin levels (0.15-2.37 
ppm). Viable eggs were not analyzed for mercury. The 
comparison of means of dieldrin did not show a signifi- 
cant difference. The sum of DDT and TDE was also 
higher in addled than in viable eggs. However, the 
combination of aldrin (the parent compound of dieldrin) 
and mercury is apparently more toxic to birds than is 
mercury alone (5, 6, 8). These data suggest a need for 
research into the relationship between dieldrin and other 
chemicals and embryonic mortality in this species. 


Some of our highest mercury values were from eggs 
collected in the Chequamegon National Forest and 
Nicolet National Forest in northern Wisconsin, and from 
the Seney National Wildlife Refuge in Michigan. Mer- 
cury values in eggs of herring gulls and black terns 
collected from Green Bay, Lake Michigan, were also 
somewhat higher than in most eggs from other areas. 
Eggs from other areas showed no consistent differences. 
except that levels in eggs from Louisiana were con- 
sistently low. 


CONTRIBUTIONS OF RESIDUES TO 
EGGSHELL THINNING 


Both DDE and dieldrin have been associated with 
eggshell thinning (2, 7, 22). However, as our data show, 
an egg with high levels of one type of chlorinated hydro- 
carbon will often have high amounts of the others as 


well. Therefore, spurious correlation is a possibility, and 
in our data, this was apparently the case. In simple 
correlation, all of the residues had significantly negative 
coefficients with percent of pre-1947 thickness index in 
one category or another when we combined the data 
into family groups. We. therefore, used partial correla- 
tion (29) to segregate the spurious correlations and de- 
termine the residues which were significantly related to 
eggshell thinning. In order for the analysis to be valid, 
it was necessary to assume that the samples were col- 
lected in random fashion and that the transformed data 
were normally distributed. Gur data essentially satisfied 
both requirements. Since the sample of herring gull eggs 
was not a random one and also because the distribution 
of residue values was very different from those of any 
of the other species, these data were excluded from all 
analyses of combined groups. All residue data were 
transformed to their logarithms for the correlations be- 
cause this gave a more normal distribution of residue 
values. Virtually all correlation coefficients were in- 
creased when the log transformation was used. Partial 
correlation coefficients between percent change in pre- 
1947 thickness index and residues were calculated for 
all of the chemicals which were significantly correlated 
with percent thickness index in the simple correlations. 


Our data did not satisfy the theoretical requirements for 
multiple-regression analysis, but we did calculate the 
coefficient of determination, R*, to show the amount of 
variation in percent pre-1947 thickness index which 
could be accounted for by the combined residues. 


The extent of correlation of a given residue type with 
the thickness index varied from family to family (Table 
5). Sample sizes for most species were too small to 


permit meaningful 
correlation. 


intraspecific analyses by partial 


TABLE 4.—Residues and eggshell parameters for three viable (V) and three addled (A) eggs 
from the same nests of red-breasted mergansers 





RESIDUES IN PPM } EGGSHELL 


EGGSHELL 
THICKNESS 
THICKNESS INDEX 





DIELpRIN | DDT+TDE 





187 2.37 10.5 - 0.33 1.74 
336 9.73 43.7 ; 0.34 1.72 
201 0.15 19.0 x 0.28 
330 8.31 21.6 
351 1.98 0 
328 644 6.44 27.7 





246.0 735.6 * 1,50 9.86 
A 297.6 428.7 38.16 31.0 









































1 Residues on lipid basis for organochlorines, on wet-weight basis for mercury. 
2 Not analyzed for. 
3 Means significantly different (P<0.01) when calculated on wet-weight basis. 
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TABLE 5.—Coefficients of determination (R*) and partial correlation coefficients for correlation 
of percent changes in shell-thickness index with the logarithm of each residue 





NUMBER 
OF R? 
Eaccs 


DDE 


DDT 
+ 
TDE 


PCB’s DIELDRIN BHC 





Eggs in which mercury 
was measured: 


Heron eggs 543%** 


Merganser eggs 646*** 
All eggs in Upper Great Lakes 
States (12 species) .392°*%° 
All addled eggs 
(7 species) .204* 
Aall viable eggs 
(16 species) .505*** 
Both viable and addled eggs 


(18 species) 367% ** 





Eggs without mercury considered: 


Heron eggs 494*** —.575*** 


Merganser eggs .609* ** +.048 


All eggs in Upper Great Lakes 


States (12 species) .3529** —.225 


All viable eggs 


(16 species) .470*** —.384*** 


Both viable and addled eggs 


(18 species) .378*** —.335*** 





























*P= <0.05. 
e* P = <0.01. 
ooo P= <0.005. 


It appears, however, that there may be very important 
differences between families in the effect of a given 
compound on eggshell thinning. For the herons, DDE 
was the only compound which was significantly cor- 
related with percent of pre-1947 thickness index. DDT 
+ TDE showed a significantly positive correlation with 
percent of pre-1947 thickness index in the herons; how- 
ever, this may be an artifact of the number of correla- 
tions performed, a statistically significant relationship 
occurring by chance alone. Previous field studies have 
failed to show that DDT or TDE was a significant factor 
in eggshell thinning; Jefferies (/7) reported that DDT 
apparently increased eggshell weight in Bengalese 
finches, but this increase was very small (less than 1%) 
and probably not significant. For mergansers, PCB was 
the only compound among DDE, PCB, dieldrin, DDT 
+ TDE, and BHC which was significantly correlated 
with percent of pre-1947 thickness index. Although the 
sample size was small (N=11). the six residue types 
together accounted for 97.6% (P < 0.005) of the vari- 
ation in percent thickness index in the grebes. However, 
none of the individual residues was significantly corre- 
lated with percent of pre-1947 thickness index in simple 
correlation, and so we did not calculate partial correla- 
tion coefficients. For the other families and individual 
species, sample sizes were small, and the coefficient of 
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determination did not show a significant reduction in 
variance of the percent thickness index. 


There are several theories concerning the physio- 
logical mechanism of eggshell thinning due to pesti- 
cides (7, 26). All have a common problem: they do 
not fully explain why there should be interfamily or 
interspecific differences in susceptibility to DDE-caused 
eggshell thinning. However, there do seem to be real 
differences, at least between such species as Japanese 
quail (Coturnix coturnix) and mallards (Anas platyrhyn- 
chos) (15). Since the species we studied are related in 
their food habits (all except the cattle egret feed on 
aquatic organisms, and most feed mainly on fish), we 
performed partial correlation analyses on the combined 
data, but with the herring gull data excluded. The re- 
tults of these analyses (Table 5) should be viewed with 
caution, since they represent combined samples. The 
simple correlation of mercury with percent thickness 
index for addled eggs apparently carries over to the 
larger groups in which both addled and viable eggs were 
combined. When only viable eggs were considered, 
DDE, dieldrin, or PCB was the most important, and 
mercury was not correlated at all. The results do not 
mean that any of the residues which had significant 
partial correlation coefficients are importantly related 
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to eggshell thinning in all of the species in the sample. 
Indeed, it is evident that this was not the case. However, 
the results do indicate that these residues were import- 
ant to many of the species in the sample. Thus, we con- 
sider that both DDE and dieldrin are important to many 
species, especially herons, and PCB is important to 
mergansers and perhaps some other species as well in 
respect to eggshell thinning. It appears that DDT, TDE, 
and BHC have very little relation to shell thinning. The 
importance of mercury is puzzling, however, since its 
significance occurred in addled eggs but not in viable 
eggs. Larger sample sizes are needed for individual 
partial correlation analysis of each of the species studied 
here. 


We noted consistently high correlations (P<0.001) be- 
tween DDE and PCB's in all of our samples. This may 
be the result of similar storage characteristics in fat. 
similar distribution patterns in ecosystems. or causal 
relationships in fat storage. With regard to causal re- 
lationships in fat storage, Lichtenstein (23) reported 
increased mortality of houseflies when both DDT and 
PCB’s were present as opposed to DDT alone, and 
Street (30) demonstrated a negative effect of DDT fed 
to rats on storage of dieldrin. However, in our samples 
there was a significantly positive correlation between 
dieldrin and DDT + TDE., suggesting little or no 
negative effect of DDT +- TDE on dieldrin levels. Heath 
et al. (15) found no synergism between DDE and PCB’s 
in toxicity tests on Japanese quail. but there remains a 
great deal to be learned of the relationships between 
PCB’s and the other organochlorines. It is entirely 
possible that no causal relationships are involved. and 
that the high correlations observed are due solely to 
similar distribution patterns of the organochlorines in 
ecosystems. 


All but 3 of the 34 simple correlation coefficients which 
we determined for DDE were negative, while only 24 
were negative for dieldrin. We therefore feel that DDF. 
significantly affects many species, but that the residue 
concentrations needed to cause a given degree of egg- 
shell thinning vary greatly among species. For example. 
herring gull eggs had approximately 40 times as much 
DDE as black tern eggs, yet the mean change in thick- 
ness index was only 4% greater for herring gulls. Differ- 
ences such as these, even when log transformations are 
used, reduce the magnitude of the correlation coefficient 
for the combined data, although DDE may cause egg- 
shell thinning in both species. 


In most cases, the R* values (Table 5) were rather low. 
although many were significant by the F-test. These 
chemicals are by no means the only ones to which birds 
are subjected in greater amounts today than in former 
times. Many natural environmental and physiological 
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factors such as heat, humidity, and nutrition can affect 
eggshell thickness (27). Variation due to these other 
factors may mask the effects which we attempted to 
measure. However, it is clear that DDE and dieldrin 
are importantly related to eggshell thinning in many 
species, and that PCB’s are similarly related to egg- 
shell thinning in mergansers. 


When we compared the mean change in thickness index 
to the mean of the sum of all organochlorines for each 
species, a trend toward a linear relationship on a log-log 
basis was evident (Fig. 1). However. the yellow-crowned 
night heron and pied-billed grebe data did not appear to 
fit the line. No statistical analysis of this relationship 
was possible because of differences in sample sizes. 





red-necked grebe 
pied-billed grebe 
white pelican 
double-crested cormorant 
great blue heron 
green heron 

little blue heron 
cattle egret 
common egret 
snowy egret 
louisiana heron 


Percent Decrease in Thickness Index 


black-crowned night heron 
yellow-crowned night heron 
american bittern 

hooded merganser 
common mergonser 
red-breasted merganser 
herring gull 
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Mean Total Organochlorine Residues 
(in ppm. lipid-weight basis) 











FIGURE 1.—Mean shell-thickness index changes and mean 
residue levels for each species (log-log basis) 


See Appendix for chemical names of compounds discussed in this paper. 
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International Cooperative Study of Organochlorine 
and Mercury Residues in Wildlife, 1969-71 


A. V. Holden! 


ABSTRACT 


A two-part collaborative study of organochlorine pesticides, 
polychlorinated biphenyls (PCB's), and mercury residues 
was carried out by 26 laboratories in 12 countries. The first 
part involved the analysis of three test samples containing 
organochlorine residues and one group of test samples con- 
taining mercury. One organochlorine sample contained seven 
pesticides or derivatives added to corn oil; a second was a 
standard solution of a PCB formulation in hexane; and the 
third a homogenate of cormorant (Phalacrocorax carbo) 
muscle containing mainly PCB’s. With few exceptions, agree- 
ment among the analysts involved was reasonably good and 
acceptable for monitoring wildlife residues. Coefficients of 
variation for the various organochlorines were from + 10% 
to + 17%. The test samples containing mercury included a 
group of freeze-dried homogenates of the muscle tissue of 
pike (Esox lucius) and an ampoule of methylmercury 
dicyandiamide in water; the samples were analyzed for total 
and methylmercury. Again, agreement was reasonably good, 
although only four laboratories reported total mercury 
values and eight, methylmercury values. 


The second part of the program required the sampling and 
analysis of several species of wildlife from both terrestrial 
and aquatic environments, including fish, shellfish, and the 
eggs of birds. Samples were taken in specified numbers and 
at specied times, from both areas considered to be free of 
any pesticide usage and areas known or believed to be 
seriously polluted. Eggshell thickness indices were also 
determined. The results of the wildlife analyses demon- 
strated the difficulties in selecting species appropriate for 
international monitoring programs, in identifying (before 
analysis) areas of high contamination, and in relating con- 
centrations to measurable biological effects. Samples of any 
one species from areas regarded as unpolluted in different 
countries contained a wide range of organochlorine con- 
centrations. The PCB levels in mussels from such areas con- 
tained 0.01 to 0.67 mg/kg, and DDE levels in herring ranged 


1 Freshwater Fisheries Laboratory, Pitlochry, Scotland (acting as co- 
ordinator). 
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from <0.01 to 0.30 mg/kg. The differences between residue 
results for samples in this second part of the study were much 
greater than the analytical variations estimated from the first 
part of the study. 


Introduction 


A series of voluntary international cooperative studies 
of residues of pesticides and other contaminants in the 
environment has resulted from a meeting sponsored by 
the Organization for Economic Cooperation and De- 
velopment (O.E.C.D.) held in Paris in 1966. A report 
on the second study (1967/1968), published in an earlier 
issue of this Journal (/), was presented at the Second 
O.E.C.D. Technical Meeting on Pesticides in the En- 
vironment, held in the Netherlands in 1969; also at that 
meeting, a further study was designed for the period 
1969-71. The findings of this third study are reported 
here. 


At the original meeting in Paris, proposals for an inter- 
national monitoring program were made, but most 
countries were unprepared for such work. Since that 
time, interest in the subject of environmental pollution 
has increased, and a recommendation for global moni- 
toring was passed at the United Nations Conference on 
the Human Environment in Stockholm in 1972. For the 
monitoring of organochlorine residues using indicator 
species, it is essential that all laboratories engaged in the 
work be able to reach agreement, both qualitatively and 
quantitatively, on the residues present; suitable exchange 
samples provide a means for assessing such agreement. 


The species selected for monitoring must be capable of 
providing an adequate number of samples for the calcu- 
lation of the mean contamination level of each popula- 
tion studied and must be sufficiently abundant to allow 
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adequate sampling for analytical purposes without en- 
dangering the population. Adequate knowledge must 
also be available beforehand on the variation of residue 
levels between individuals of the population, so that the 
number of individuals taken for analysis will provide a 
mean value of the contamination level of the population. 
of sufficient accuracy for the statistical evaluation of 
differences between populations or between successive 
sampling occasions. For the final assessment of the 
biological significance of a particular residue, more ex- 
tensive knowledge of the effects of residues at various 
contamination levels is required than exists at the 
present time. 


In the second collaborative study (/). the agreement 
among analysts on the presence and concentrations of 
dieldrin, DDE, TDE, and DDT in exchange samples was 
reasonably good only for material which required the 
minimum of processing prior to gas-liquid chromato- 
graphic (GLC) analysis. With such samples, the coeffici- 
ent of variation was + 25-30%. For more difficult 
samples, the coefficient of variation was + 30-60%. No 
allowance for or determination of polychlorinated 
biphenyls (PCB's) was made. In addition, distribution of 
residues among individuals of most populations of star- 
lings and pike was found to be skew. For the detection 
of a 25% difference in contamination levels, it was 
calculated that 50 individuals would be required; for a 
75% difference, 10 individuals were sufficient. 


The third study included analysis for organochlorines 
and extended the analytical requirements to PCB’s and 
mercury, and appropriate exchange samples were cir- 
culated. The wildlife samples, both freshwater and 
marine, included fish and fish-eating birds, sampled ac- 
cording to a detailed program. The second study had 
been confined to areas believed to be uncontaminated 
by direct application or disposal of pesticides. but in 
this third study both uncontaminated and contaminated 
areas were selected for sampling, in the hope of estab- 
lishing the existence of differences between contamina- 
tion levels. In addition, where the eggs of certain species 
of birds were to be sampled, measurements of eggshell 
thickness indices were requested in an attempt to cor- 
relate these with organochlorine residue levels. In all. 
26 laboratories in 12 countries took part in this third 
study; these laboratories are identified in Table 1. 


A total of 18 laboratories participated in the analytical 
program, 17 in the nine member countries of O.E.C.D.. 
and in addition the analytical laboratory of Euratom at 
the European Community Commission Joint Research 
Center in Ispra, Italy. Most of the laboratories had 
taken part in the second study. Since the second study. 
analytical methods have been developed for the separa- 
tion and measurement of PCB’s; therefore, it was an- 
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TABLE 1.—Laboratories participating in international 
cooperative study of organochlorine and mercury 


rest 


dues in wildlife, 1969-71 





CouNTRY 


PARTICIPATING LABORATORIES 





Canada 


Denmark 


Euratom 
(Italy) 


Finland 


Germany 


Netherlands 


Portugal 


Spain 


Sweden 


United Kingdom 


United States 





Ontario Research Foundation (ORF), Sheridan 
Park, Ontario, Canada. 


Fisheries Research Board of Canada (FRB), 
St. Andrews, New Brunswick, Canada. 


Veterinary and Agricultural College, Depart- 
ment of Pharmacology and Toxicology, 13 
Biilowsvej, Copenhagen V, Denmark. 


Analytical Laboratory, Euratom, European Com- 
munity Commission Joint Research Center, 
Ispra, Italy. 


State Institute of Agricultural Chemistry 


(Agric.), 00170 Helsinki, Finland. 


State Veterinary Medical Institute (Vet. Med.), 
00550 Helsinki, Finland. 


State Game Research Institute, 00170 Helsinki, 
Finland. 


Reactor Laboratory, State Institute for Technical 
Research, Otaniemi, Finland. 


Department of Ecological Chemistry, 800 Mu- 
nich 15, Landwehrstrasse 61, Federal Republic 
of Germany. 


Federal Institute for Fisheries Research, 2 
Hamburg 50, Palmaille 9, Federal Republic of 
Germany. 


Institute of Veterinary Pharmacology and Toxi- 
cology (Vet. Tox.), University of Utrecht, 
Utrecht, Netherlands. 


Central Institute for Nutrition and Food Re- 
search (CIVO), Utrechtseweg 48, Zeist, Neth- 
erlands. 


National Institute of Public Health (RIV), 
Sterrenbos 1, Utrecht, Netherlands. 


Veterinary College of Norway, Department of 
Pharmacology, Oslo 4, Norway. 


Agricultural College of Norway, Department of 
Zoology, Vollebek, Norway. : 


Laboratory of Phytopharmacology, Quinto do 
Marques, Oeiras, Portugal. 


Institute of General Organic Chemistry, Juan 
de la Cierva 3, Madrid-6, Spain. 


Special Analytical Laboratory, Swedish Environ- 
ment Protection Board, Stockholm, Sweden. 


Swedish Museum of Natural History, Stockholm, 
Sweden. 


Royal Institute of Technology, Department of 
Nuclear Chemistry, Stockholm, Sweden. 


Laboratory of the Government Chemist (LGC), 
Cornwall House, Stamford Street, London 
SE1 9NQ, U.K. 


Ministry of Agriculture, Fisheries and Food 
(MAFF), Fisheries Laboratory, Brunham-on- 
Crouch, Essex, U.K. 


Nature Conservancy (NC), Monks Wood Ex- 
perimental Station, Abbots Ripton, Hunting- 
donshire, U.K. 


Department of Agriculture and Fisheries for 
Scotland, Freshwater Fisheries Laboratory 
(FFL), Pitlochry, Perthshire, Scotland. 


U.S. Department of the Interior (USDI), Fish 
and Wildlife Service, Patuxent Wildlife Re- 
search Center, Laurel, Md. 20810, U.S.A. 


U.S. Environmental Protection Agency (EPA), 
Gulf Breeze Laboratory, Gulf Breeze, Fla. 
32561, U.S.A. 
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ticipated that the measure of agreement among labora- 
tories in respect to the organochlorines would be im- 
proved. Several laboratories were also engaged in 
mercury analysis. 


Interlaboratory Quality Evaluation Program for 
Organochlorine and Mercury Residue Analyses 


DESCRIPTION OF TEST SAMPLES 

Four types of test samples were circulated among the 
participating laboratories, for analysis by the methods 
each currently used. An outline of the methods used for 


organochlorine analysis is given in Table 2; the tech- 
niques involved in the analysis of the mercury check 
samples are discussed later. 


Sample No. 1—a mixture of seven organochlorine in- 
secticides or derivatives in corn oil together with a 
sample of the unspiked oil. 


This sample was distributed by Mr. W. L. Reichel, 
Patuxent Wildlife Research Center, Laurel, Md., U.S.A. 
On receipt of the report from each laboratory, the 
correct analysis for the added residues was provided, 


TABLE 2.—Analytical techniques for organochlorine analysis 





LABORATORY 


METHOD OF EXTRACTION ! 


CLEANUP 


Pre-GLC 
SEPARATION 


GLC PackING 





Canada 
ORF 


FRB 
Denmark 


Euratom 


Finland 


Agric. 


Vet. Med. 


Germany 
Munich 


Hamburg 


Netherlands 
Vet. Tox. 


CIVO 


Norway 


Portugal 


Spain 


Sweden 


United Kingdom 
LGC 


FFL 


United States 
USDI 


EPA 





ether-hexane (1:1) 
hexane 


ethanol-hexane (3:i, cold), then 10% 
ether in petroleum ether (cold) 


acetonitrile and petroleum ether 


hexane or acetone-hexane (1:9) 


ether on column (cold) 


benzene 


hexane 


hexane 


hexane 


ether on column (cold) 


hexane 


hexane/acetone (4:6) 


hexane 


acetone/hexane (1:2) 


hexane 


hexane 


petroleum ether 





Carbon-Celite at —70° 
Alumina 


Fuming H,SO, 


Florisil 


DMF /hexane or alumina 


H,SO, or TLC 


Alumina 


Alumina 


Alumina 
Alumina 
H,SO, or 
alcoholic KOH 
DMF /hexane, alumina 


CH,N/hexane 


1) Silica 
2) KOH 
3) fuming H,SO, 


DMF/hexane, alumina 


Alumina 


CH,CN/hexane 


CH,CN/hexane 





Florisil 
Silica 


Florisil 


Silica 


TLC 


Silica 


Silica 


Florisil 


Silica 


Silica 


Florisil, TLC 


Florisil 





4% SE-30/6% QF-1 
4% SE-30 
SF-96/QF-1 

1) 3% DEGS 


2) 5% DC-200/7.5% QF-1 
3) 1.5% OV-17/1.95% QF-1 


1) Apiezon L 
2) E. glycol adipate 


1.25% SF-96/3.75% QF-1 


3% OV-1 


1) DC-200 
2) DC-200/QF-1 


1) DC-200 
2) QF-1 


1) 3% OV-1 
2) 1.8% OV-1/2.7% QF-1 


1) 10% QF-1 
2) 4% SF-96 


1) 5% QF-1 
2) 4% SE-30/6% QF-1 


1) 9% DC-200 
2) 5% DC-200/7.5% QF-1 


1) SF-96 
2) 1.75% SF-96/3.75% QF-1 


1) SE-52 
2) Apiezon L 


1) 6% DC-200 
2) 4% DC-200/6% QF-1 


1) 3% OV-1 
2) 3% XE-60 


1) 3% DC-200 
2) 5% QF-1 
3) 1.5% DC-200/2.5% QF-1 





1 Hot extraction, unless otherwise indicated. 
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enabling the laboratories to check for errors in stand- 
ards or technique before proceeding with the analyses 
of wildlife samples. 


Sample No. 2—an ampoule containing a solution of a 
60% technical PCB mixture (Clophen A.-60). 


This sample was distributed by Dr. J. H. Koeman, In- 
stitute of Veterinary Pharmacology and Toxicology, 
Utrecht, Netherlands. After laboratories reported their 
values for the PCB content of this solution, analysts 
were informed of the true concentration. 


Sample No. 3—a homogenate of the total body (less 
bill, legs, and feathers) of a cormorant (Phalacrocorax 
carbo) found dead in the Netherlands in 1970. The 
weight of fresh tissue (ground with anhydrous sodium 
sulphate) was given with the sample. 


This sample was primarily for PCB analysis, although 
many laboratories examined it for other organochlorine 
residues as well. It was distributed by Dr. J. H. Koe- 
man, Utrecht, Netherlands. 


Sample No. 4—a group of freeze-dried homogenates of 
the muscle tissue of pike (Esox lucius), and an ampoule 
of methylmercury dicyandiamide in water. 


These samples were for the analysis of mercury in both 
methyl and total forms and required the addition of a 
specified amount of water before analysis to reconsti- 
tute the tissue. Two specimens (A and B) were identi- 
cal, but to one (B) was added to contents of the ampoule 
before analysis. A third tissue sample of high mercury 
content (C) was analyzed separately. A fourth tissue 
sample (D) was included for experience in analyzing this 
type of sample, but results were not evaluated. All re- 
sults were recorded on a wet-weight basis, and the 
difference between specimens A and B calculated. The 
samples were distributed by Dr. S. Jensen. Special 
Analytical Laboratory, Lantbrukshégskolan, Uppsala. 
Sweden. 


ANALYTICAL PROCEDURES (TEST SAMPLES) 

The methods used for the analysis of organochlorines 
varied widely (Table 2), and sometimes techniques dif- 
fered for the corn oil and cormorant samples. For the 
latter, extraction solvents included ether, hexane, 
hexane/acetontrile, hexane/acetone, and _ hexane/ 
acetonitrile/methylene chloride. Fewer analysts used a 
solvent partition cleanup than an adsorbent column 
process (usually Florisil or alumina), while separation 
of PCB’s from other organochlorines was _ usually 
achieved with silica columns. A wide variety of station- 
ary phases was used in the GLC analysis, including 
SE-30, SF-96, DC-200, OV-1, OV-17, QF-1, XE-60. 
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Apiezon L. DEGS, and mixtures of QF-1 with other 
nonpolar phases. No two laboratories used the same 
complete procedure for extraction, cleanup, and GLC 
analysis. 


For the calculation of PCB concentrations, a wide 
variety of methods was also used. Many analysts used 
peak heights, with the number of peaks varying from 
one to six. Others used calculations of peak area: by 
electronic integration using nine peaks; by a total area 
method involving cutting and weighing; or, in some 
cases, by the equivalent of area measurement involving 
the product of peak height and relative retention time. 
One laboratory measured the optical density on thin 
layer plates. The reference solutions employed were 
usually 50% or 60% chlorinated formulations, but one 
laboratory based its measurements on DDE or dieldrin 
standards which had previously been calibrated with 
reference to a PCB formulation. 


The analytical methods for mercury residues are referred 
to later. 


DISCUSSION OF RESULTS (TEST SAMPLES) 

The corn oil sample (No. 1) was analyzed by more 
laboratories (17) than the other samples, with 2 labora- 
tories using two separate methods, giving a total of 19 
sets of results. Fourteen laboratories analyzed the PCB 
solution (No. 2); 14 analyzed the cormorant sample 
(No. 3) with 3 of them using more than one method, 
giving a total of 18 sets of results for the PCB con- 
centration. The mercury samples (No. 4) were ex- 
amined by nine laboratories, some doing only methyl or 
total mercury analyses. Several laboratories, due to lack 
of experience, reported difficulty in the analyses for 
methylmercury. 


Sample No. 1 

Although this sample contained seven different organo- 
chlorine residues, most laboratories reported only six, 
being unable to identify or quantify dichlorobenzo- 
phenone (DCBP). The results of these analyses are 
given in Table 3. One laboratory in the United Kingdom 
(LGC Laboratory) used two different GLC columns for 
separate analyses, and one laboratory in Finland 
(Agric.) used different processing techniques for separate 
analyses. One laboratory in West Germany (Hamburg) 
reported only three of the seven residues present and 
estimated dieldrin approximately; this dieldrin value was 
not included in subsequent calculations. The same lab- 
oratory was unable to estimate heptachlor epoxide or 
o,p'-DDT. 


An examination of the distribution of the values recorded 
for the individual residues suggests that the values for 
dieldrin, 0,p’-DDT, and p,p’-DDT are normally distrib- 
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TABLE 3.—Analyses of test sample no. 1—spiked corn oil 





CONCENTRATIONS IN MG/KG 





HEPTACHLOR 


EPOXIDE p.p’-TDE 


p,p’-DDT o,p'-DDT DIELDRIN 





Canada 


FRB 
ORF 


Denmark 
Euratom 


Finland 


Agric., (two 
methods) 
Vet. Med. 


Germany 
Hamburg 
Munich 

Netherlands 


CIVO 
RIV 
Vet. Tox. 


Norway 
Spain 
United Kingdom 
FFL 
LGC (two 
methods) 
United States 


EPA 4.9 
USDI 3.0 14.2 


True Spike Values 4.0 15.0 



































NOTE: — = no value reported. 


1 Approximate estimate only; value not included in subsequent calculations. 


uted; however, there is some doubt about the distribu- 
tion of the values for p,p’-TDE, p,p’-DDE, and, in 
particular, heptachlor epoxide. The results for heptachlor 
epoxide appear to fall into two groups, one around 3.2 
mg/kg and the other around 4.1 mg/kg. The statistical 
analyses of the data, referred to in the following para- 
graphs and summarized in Table 4, were based on the 
assumption that distribution is in fact normal. The mean 
values for the residues found were in all instances below 
the true values, suggesting that some loss of residues in 
processing was experienced by most laboratories. The 
recoveries ranged from 87.8% for p,p’-DDE to 96.2% 
for o,p'-DDT. Yet, of the six residues which were 
identified by most analysts, two laboratories obtained 
values within +5% of the true values for five of these, 
and three were within + 10% for five residues. 


At the level of estimation of the residues in the spiked 
sample, most laboratories reported that they did not find 
any residues in the unspiked corn oil. Generally, a re- 
covery of at least 90% of all residues in this sample was 
possible, but no relationship between the methods used 
for extraction or cleanup and the efficiency of recovery 
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could be found (Tables 3 and 4). The laboratory of the 
State Institute of Agricultural Chemistry, Helsinki, com- 
pared the alternative cleanup techniques of de Faubert 
Maunder ef al. (2) and Holden and Marsden (3), and 
obtained remarkably similar results. The laboratory also 
used two different stationary phases (Apiezon L and 
ethylene glycol adipate) in two instruments, several 
residues being estimated on both instruments, and each 
being determined by triplicate analyses; these mean 
residue values are given in Table 3. The results suggest 
that the differences between analysts do not necessarily 
lie in the procedures adopted for cleanup or GLC an- 
alysis, but may be due to variation in standard solutions 
or in the methods of preparation of the initial extract. 


Overall, the results from this sample suggest that there 
has been an improvement in the agreement among 
analysts since the second study in 1967/1968 (1). The 
coefficients of variation for five organochlorine residues 
obtained for two samples in the second study (/) and 
for the corn oil sample in the present study are given 
in Table 5. Both the chicken egg homogenate sample 
of 1967/1968 (prepared from chickens fed with a 


a 





TABLE 4.—Summary of analyses of test sample no. 1—spiked corn oil 





CONCENTRATIONS IN MG/KG 





COMPOUND 


NUMBER OF 
DETERMINATIONS 
CONCENTRATION 
RANGE OF 
REPORTED 
VALUES 

MEANS OF 
ANALYSES 


PERCENT RECOVERY 
BASED ON TRUE 
CONCENTRATION 


STANDARD 
DEVIATION 
COEFFICIENT 
OF VARIATION 
(PERCENT) 





Heptachlor 
epoxide . 2.7- 4.8 3.68 


Dieldrin ‘ 3.0- 6.0 4.52 
p.p’-DDE J 9.7-16.5 13.20 
p,p’-TDE . 5.7- 7.9 6.62 
p.p’-DDT . 3.1- 5.5 4.23 
o,p'-DDT ‘ , 2.0- 4.2 3.37 
DCBP : 1.7- 1.9 1.82 














3 8 
> oO 


87.8 
88.3 
94.0 
96.2 
in 4 91.0 

















1 When two abnormally low values from Denmark and Spain were excluded (values less than 3 times the standard deviation), the range was 3.9-6.0 


mg/kg with a mean recovery of 93.7%. 


2 Excludes one unusually low value from Spain and one high value from West Germany (Munich), values differing from the mean by more than 


4 times the standard deviation. 


3 Excludes one low value from Canada (FRB), a value less than the mean by 3.8 times the standard deviation. 


pesticide mixture) and the spiked corn oil sample of 
this study required a significant amount of processing, 
including cleanup and in many cases separation of 
residues prior to GLC analysis. Nevertheless, the results 
for the spiked corn oil are distinctly better than those 
obtained for the chicken egg in the previous study, al- 
though understandably not as good as the values for the 
standard solution in hexane which required no more 
than dilution and direct injection for GLC analysis. 
Coefficients of variation in the range + 10% to + 15% 
for different organochlorine residues in samples requiring 
complete processing are perhaps the best that can be 
expected at the present time. 


Sample No. 2 (PCB solution) 

This symplé, an ampoule of-a sqyition,of Clophen A.60 
in hexane (a 60% .chlorinated PCB), was: analyze for 
comparifig- it wjth:a solution of an appropriate PCB 
standard chosen by the analyst (Table 6). The true value ~ 
given subsequent to the analysis being reported was 9:8 
mg/liter of Clophen A.-60. Fourteen laboratories re- 
ported, two giving estimates by two different methods. 
Twelve results were obtained using 60% chlorinated 
PCB standards, the range of values being 8.4 - 12.6 mg/ 
liter, the mean 10.17 mg/liter, and the coefficient of 
variation + 10.2%. Two of the three laboratories using 
Clophen A.-60 reported a concentration of exactly 
10.0 mg/liter; two of three using Clopen A.-50 as 
reference estimated the concentration as 8.0 mg/liter. 
One laboratory using Phenoclor DP.6 obtained a value 
of 12.6 mg/liter. Seven results based on Aroclor 1260 
gave a range of 9.0 to 11.4 mg/liter with a mean of 
9.97 mg/liter (coefficient of variation + 9.7%). One 
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laboratory obtained two estimates of 9.6 and 11.0 mg/ 
liter with two different types of GLC column. By com- 
parison, the coefficients of variation for the results of 
analyses for six different organochlorine pesticides in 
corn oil (Sample No. 1) ranged from + 9.8% to + 
16.8%. 


For this commercial PCB mixture. the agreement among 
the analysts using appropriate reference solutions was 
very satisfactory despite the wide variety of methods of 
calculation; however, there seems to have been some 
variation due to the different commercial products used 
as reference standards. 


Sample No. 3 (cormorant) 

The analysis of the homogenate of cormorant tissue 
involved extraction, cleanup, and, where possible, the 
separation of PCB residues from other organochlorines. 
In addition to the PCB residues, high concentrations of 
hexachlorobenzene and p,p’-DDE and smaller concen- 
trations of p,p’-TDE and dieldrin were estimated by 
most analysts. Lindane (y-BHC), p.p’-DDT, and hep- 
tachlor epoxide were reported by a few laboratories. 
The results are given in Table 7. 


Fourteen laboratories reported on the sample, three 
giving several estimates of the PCB content by various 
methods of calculation or analysis. The reference solu- 
tions used included 50%, 54%, and 60% chlorinated 
types. The overall range of all results reported was 240- 
525 mg/kg in the original tissue, but for eight results 
(using a 60% chlorinated reference solution) the range 
was 279-462 mg/kg, with a mean of 374 mg/kg and a 
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TABLE 5.—Comparison of analytical efficiencies for 
determination of organochlorine residues in 
1967-68 and 1969-71 samples 














COEFFICIENT OF VARIATION AND 
NUMBER OF RESULTS (_ ) 

CoMPOUND 1967-68 (1) 1969-71 

STANDARDS CHICKEN 

IN HEXANE Eoc SPIKED Corn OIL 
Heptachlor epoxide | + 11.0% (15) _ +16.8% (18) 
Dieldrin + 7.4% (17) +28% (15) +15.9% (18) 
p,p’-DDE + 9.9% (16) +32% (15) +14.4% (19) 
p,p’-TDE + 7.5% (17) +51% (11) + 9.8% (17) 
p.p’-DDT + 7.0% (17) +31% (15) +16.1% (19) 














TABLE 6.—Analyses of test sample no. 2—PCB solution 











PCB CONCENTRATIONS 
LABORATORY REFERENCE IN MG/LITER 
Canada 
FRB Aroclor 1260 9.0 
ORF Aroclor 1260 11.4 
Denmark Clophen A.-60 93 
Euratom Clophen A.-50 8.4 
Finland 
Agric. Clophen A.-60 10.0 
Vet. Med. Clophen A.-60 10.0 
Netherlands 
CIVO Clophen A.-60 10.4 
RIV Phenoclor DP. 6 12.6 
Norway Clophen A.-50 8.0 
Spain Clophen A.-50 8.0 
United Kingdom 
FFL (two GLC Aroclor 1260 11.0 
columns) Aroclor 1260 9.6 
Aroclor 1260 10.4 
LGC DDE 8.9 
United States 
EPA Aroclor 1260 9.1 
USDI Aroclor 1260 9.3 
True Value Clophen A.-60 9.8 











coefficient of variation of + 15.8%. This agreement 
among the analysts would seem to be very satisfactory, 
in view of the many differences in extraction, cleanup, 
and separation techniques and the different methods of 
estimating the PCB concentrations. The coefficient of 
variation among these results is within the range of 
values found for the pesticides in the corn oil sample 
(No. 1) which required less processing. 


Of the other residues found, 12 results were reported 
for p,p’-DDE, from 4.5 - 19.5 mg/kg. Some laboratories 
apparently did not correct for PCB interference with 
this residue but those which did found concentrations 
of p,p’-DDE from 4.5 to 11.0 mg/kg. Eight values for 
dieldrin were between 0.9 and 2.2 mg/kg but a ninth 
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value was less than 0.1 mg/kg. Failure to obtain a 
complete separation of PCB’s from p,p’-TDE and p,p’- 
DDT would have resulted in significant errors for these 
residues in this particular sample; however, only two 
values of p,p’-DDT were recorded, and both were very 
low. The only other significant residue found was hexa- 
chlorobenzene (HCB), for which six values ranging from 
22.3 to 48.7 mg/kg were reported, but not all labora- 
tories recognized or were able to determine this sub- 
stance. 


This sample was not particularly easy to analyze, but 
the agreement obtained was good for the major con- 
taminant, and much better than for the residues in 
the sprat homogenate used in the previous study. The 
higher concentrations in the cormorant sample probably 
contributed to the better agreement among analysts. 


Sample No. 4 (mercury in fish) 

Analyses of the three samples of fish tissue for total 
mercury and/or methylmercury were made by nine 
laboratories. Values for total mercury from four of 
them were in good agreement, and the eight sets of data 
on methylmercury were in reasonably good agreement 
(Table 8). 


The mean value for the mercury content of Sample A 
was 0.152 mg/kg as methylmercury and 0.165 mg/kg as 
total mercury. Sample B was prepared from an identical 
aliquot of Sample A, with the addition of a fixed amount 
of an aqueous solution of methylmercury dicyandia- 
mide. The mean values calculated for this spiked solu- 
tion were equivalent to 0.36 mg/kg as methylmercury 
and 0.39 mg/kg as total mercury, the true value being 
given as 0.35 mg/kg. For Sample C, the mean values 
were 1.89 mg/kg as methylmercury and 2.12 mg/kg as 
total mercury. The coefficient of variation among the 
eight laboratories reporting methylmercury was + 20% 
for the spike, and + 28% for Sample C (high mercury). 
The methylmercury estimated in Sample C represented 
about 90% of the total mercury found. 


The methods used for methylmercury analysis varied 
among the laboratories, but all used either a hydro- 
chloric acid, hydrobromic acid, or cupric bromide re- 
agent to liberate the methylmercury from the fish tissue, 
followed by extraction into an organic solvent. Some 
analysts used a cleanup stage with cysteine acetate and 
re-extraction into a further solvent. but others did not 
find this step necessary. The concentrations of methyl- 
mercury in the extracts were determined by electron- 
capture gas chromatography in all laboratories. The 
Euratom Laboratory determined total mercury using 
neutron activation analysis, but all other laboratories 
used flameless atomic absorption, with different types 
of digestion mixture. 


a 





TABLE 7.—Analyses of test sample no. 3—cormorant 





CONCENTRATIONS IN MG/KG 





LABORATORY 
DIELDRIN 


p,p’-DDE 


p,p’-TDE | p,p’-DDT 





Canada 


FRB 
ORF 


Denmark 
Euratom 


Finland 
Vet. Med. 
Agric., (two 
methods) 


Germany 
Munich, (three 
methods) 


Netherlands 
CIVO 


Norway 
Spain 


United Kingdom 
FFL 

LGC, (two 

methods) 


United States 
EPA 
USDI 
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Aroclor 1254 
Aroclor 1260 


Clophen A.-60 
Clophen A.-60 


Clophen A.-60 
Clophen A.-50 & A.-60 
Clophen A.-50 & A.-60 


378, 360} Clophen T.-64 


400 Clophen A.-60 
273 Clophen A.-50 
320 Clophen A.-60 
Aroclor 1254 


Clophen A.-60 
DDE or Dieldrin 


Aroclor 1254 
Aroclor 1254 

















1 Detected, but value not estimated. 
2 Corrected for PCB interference. 


TABLE 8.—Analyses of test sample no. 4—pike homogenate 





CONCENTRATIONS IN MG/KG 





TOTAL MERCURY 


LABORATORY METHYL MERCURY 





B B-A Cc B B-A | C 





Canada 
ORF 


Denmark 
Euratom 
Finland 
Vet. Med. /|0.14 
Germany 
Munich 0.14 
Norway 0.13 


United Kingdom 


FFL 0.18 
LGC, (two |0.13 
methods) |0.14 


United States 
USDI 0.18 


Mean 


























True Value 











do 


CONCLUSIONS (BASED ON TEST SAMPLES) 

The results of this section of the program represent a 
considerable improvement over those of the previous 
studies. Analysts using a variety of methods were able 
to achieve reasonably good agreement on the amounts 
of both organochlorine pesticide and PCB residues in 
wildlife samples requiring full processing, and the 
techniques for separation of PCB’s from most organo- 
chlorine pesticides seemed to be adequate for this pur- 
pose. From the details available, there was no evidence 
that any one technique was consistently better than 
another. Where two methods were compared in the 
analysis of the corn oil sample, as reported by two 
laboratories, the within-laboratory agreement was ex- 
cellent. Although the estimation of PCB residues is 
clearly dependent on the reference formulation and the 
method of calculation (e.g., using the summation of 
peak heights or areas of one or more peaks), the general 
agreement on total PCB levels was nevertheless satis- 
factory, bearing in mind that the composition of the 
mixture of PCB isomers in wildlife is rarely typical of 
commercial mixtures. If international monitoring pro- 
grams for organochlorines and mercury are established, 
it is unlikely that any one method of analysis would be 
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acceptable to all laboratories, but this study has shown 
that it is possible to achieve good agreement among 
laboratories using different methods in the hands of 
experienced analysts. 


Organochlorine Residues in Wildlife Samples 


SAMPLING PROCEDURES (WILDLIFE SAMPLES) 


This part of the study was intended to be more extensive 
than that in the previous 2-year program (/) and was 
concentrated on the aquatic environment, including 
where possible both ostensibly uncontaminated and 
recognizably contaminated areas, to determine whether 
significant differences in residue levels could be de- 
tected. The numbers of individuals selected were usually 
sufficient to confirm a two-fold difference, according to 
the results of the previous study. The soft tissue of fish 
and shellfish and the contents of the eggs of birds were 
selected for analysis. In addition, eggshell thickness 
indices were to be calculated for the eggs and, where 
possible, breeding success in an attempt to determine any 
biological effects of the residues on the bird population. 


The freshwater fish species selected were the pike (Esox 
lucius) or if not available, the roach (Rutilus rutilus), or 
eel (Anguilla vulgaris). The marine species were the 
mussel (Mytilus edulis), herring (Clupea harengus), or 
the sprat (Clupea sprattus) where the herring was not 
available. The bird species, which were all piscivorous, 
were to be chosen from the genera Ardea, Pelecanus, 
Podiceps, Uria, Alca, Sterna, Phalacrocorax, and 
Somateria. The numbers to be taken and the sampling 
times were specified as indicated below. 


The detailed procedures for sample collection and pre- 
paration were specified as follows: 


Pike, roach, or eel—15 specimens to be collected before 
spawning from each of both uncontaminated and con- 
taminated sites, the individuals to be of uniform size. 
and if possible of the same sex. Five fish to be assigned 
randomly to each of three pools, and each pool to be 
homogenized from whole fish or from 10-g aliquot of 
lateral muscle taken at the midsection, avoiding depot 
fat. The six pools for each species were to be analyzed 
for organochlorine residues, and if possible mercury. Fat 
contents of tissues were to be determined if possible. 


Herring or Sprat—procedures were the same as for 
freshwater fish, except that eight fish were to be assigned 
to each pool. 


Mussel—to be collected from at least one contaminated 
site and one uncontaminated site in estuaries or at the 
months of large rivers. Thirty large specimens to be 
collected before spawning and divided randomly into 
3 pools of 10. The soft parts were to be homogenized in 
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each pool and analyzed for organochlorines and, if 
possible, mercury residues. Each pool was to be analyzed 
in duplicate. 


Eggs from fish-feeding colonial birds—the species 
selected were to be sampled in areas where organo- 
chlorines were believed to be contaminating the water 
and in areas where they were not. The nests were to be 
counted in each colony. At each site, 10 eggs were to 
be taken from separate nests as soon after laying as 
possible, and each egg was to be analyzed separately for 
organochlorines and, where possible. mercury. 


The eggshell index was to be measured from the 
formula: 


Weight in mg 


Eggshell Ind a 
ggshell Index Length in mm x breadth in mm 





The measurements were to be made to 0.01 g or 0.01 
mm, and the weight of the evacuated shell determined 
after drying for 1 month in air. 


The breeding success was to be studied by recording the 
number of breeding pairs in the colony, and the number 
of young reared during the season, each number being 
determined on 1 day during egg laying (number of 
pairs) or before dispersal (number of large young). 


RESULTS (WILDLIFE SAMPLES) 


Ten countries were involved in sampling at least one of 
the selected species: all 10 examined the mussel, 8 the 
herring (or sprat), and 6 the pike. Several countries 
reported difficulties in conforming exactly to the specified 
procedure, especially in respect to sampling times and 
numbers of individuals required, and it was not always 
possible to sample in both contaminated and uncon- 
taminated areas. Although the mussel. herring, and pike 
were well covered by a number of countries, enabling 
some degree of comparison to be made between coun- 
tries, most species of birds were examined by only one 
country, the eider (Somateria mollissima) being sampled 
by three, and the heron (Ardea cinerea) by two countries. 
Three different species of tern (the Royal tern—Thalas- 
seus maximus, common tern—Sterna hirundo, and 
Sandwich tern—Sterna sandvicensis and of the other 
selected genera, the eastern brown pelican (Pelicanus 
occidentalis carolinensis), were examined by one country. 


Summaries of the results reported in this study are given 
in Tables 9-15. In some instances, no clear distinction 
was made between contaminated and uncontaminated 
areas, and some contamination was of minor importance. 
Pollution by sewage from towns discharging to estuaries 
or the sea was sometimes assumed to be a source of 
organochlorine pollution, and in a few instances samples 
could not be obtained from appropriately polluted areas. 
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Because some countries could not obtain sufficient in- 
dividuals for analysis as required by the defined pro- 
cedure, statistical comparison of the data was not justi- 
fied, although two-fold or larger differences can be 
regarded as significant where at least 10 individuals were 
analyzed. Where residues were not detected, the limit of 
detection was stated. Moreover, the analytical results 
were incomplete since some residues were not analyzed 
for by all laboratories. Both marine and freshwater 
species usually contained dieldrin, DDE, TDE, and 
DDT, as well as PCB's; however, some laboratories 
did not indicate whether analyses for all these residues 
had been attempted. Mercury was not determined by all 


laboratories since the necessary procedure was not 
available to all those engaged in the examination of 
organochlorines. A few laboratories reported on residues 
of HCB, e-BHC, and y-BHC, although evidence of 
confirmation was not necessarily given. 


A discussion of the results obtained for the various 
species is given below: 


Mussel (examined by 10 countries—Table 9) 
Most investigators analyzed pools of 10 mussels, as 
required by the program, but in a few cases the pools 


TABLE 9.—Analyses of wildlife samples—mussels 





NUMBER OF 


LOcATION MUSSELS 


MEAN VALUES IN MG/KG 





IN SAMPLE | DIELDRIN 


TDE p.p’-DDT 


POLLUTION CATEGORY 





Canada 
Miramichi Bay 


Denmark 
Vejle 
Esbjerg 


Finland 
Tvarminne 
Sédarskiér 
Netherlands 
1969 Vlieland 
Noordpolderzijl 
1970 Noordpolderzijl 
Ijmuiden 
Scheveningen 
Hoek van Holland 
Grevelingen W 
Grevelingen 0 
Vlissinger 
Cadzand 
Norway 
Hurumlandet 


Portugal 


Aveiro 
Cascais 


Spain 
Blances 
Barcelona 
Ampolla 
Castellon 0.001 
Vigo 0.005 
Santander 0.002 


Sweden 
Fiskebiackskil 0.003 


Aski 0.008 
Griddé 0.008 


United Kingdom 


Montrose 0.010 0.006 
i 0.013 0.014 
0.003 0.011 
Helensburgh (Clyde) 0.059 0.035 
Kilcreggan (Clyde) 0.074 0.034 
Holy Loch (Clyde) 0.026 0.016 


United States 


New York 30 0.032 0.025 
Cape Split 30 <0.010 <0.010 











<0.010 





Polluted 


Slightly polluted 
Slightly polluted 


Unpolluted 
Unpolluted 


Slightly polluted 
Slightly polluted 
Slightly polluted 
Slightly polluted 
Slightly polluted 
Slightly polluted 
Slightly polluted 
Slightly polluted 
Slightly polluted 
Slightly polluted 


Unpolluted 


Unpolluted 
Polluted 


Polluted 
Polluted 
Polluted 
Polluted 
Unpolluted 
Unpolluted 


Unpolluted 
Polluted 
Polluted 


Unpolluted 
Unpolluted 
Unpolluted 
Polluted 
Polluted 
Polluted 


Polluted 
Unpolluted 

















NOTE: Where residues were not detected, the limit of detection was stated. 


1 PCB’s not separated. 
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were larger or smaller, or the means of analyses of 
individual specimens were reported. 


Except for PCB levels in the order of | mg/kg and 
mercury levels approaching 0.5 mg/kg, none of the 
residues reported were particularly high. For all organo- 
chlorine residues and mercury, there was a considerable 
overlap in the ranges of concentrations found in the 
areas classified as unpolluted or polluted. The lowest 
concentrations reported in the two classifications were 
very similar, while at the upper ends of the ranges the 
amounts found in the polluted areas were only about 
twice those found in the ostensibly unpolluted areas. 
This failure to demonstrate a clear distinction due to 
pollution may be the result of an inability to identify 
pollution from the outward circumstances, or perhaps to 
the capability of mussels to adjust their residue levels 
rapidly with changing environmental concentrations. A 
sustained high level of contamination in the local en- 
vironment should nevertheless be reflected in relatively 
high concentrations in mussel tissue. 


The highest dieldrin concentrations were reported in 
mussels from the Clyde (United Kingdom), an estuary 
which receives discharges from factories using the 
chemical for moth-proofing. DDT group residues were 
highest in samples from the United Kingdom and the 
Mediterranean coast of Spain, while PCB residues were 
highest in the Netherlands, Spain, and the Clyde estuary 
(United Kingdom). 


Herring (examined by eight countries—Table 10) 

Although this species (or the closely-related sprat and 
sardine) was sampled in off-shore waters which might 
be expected to be less contaminated because of the 
greater dilution factor than the littoral zone in which 
mussels were sampled, the concentrations of the various 
residues found were often higher than those in mussels. 
Again, there was a considerable overlap between the 
ranges of values reported for uncontaminated and con- 
taminated areas. Some PCB and DDT group residues 
were noticeably higher in herring than in mussels from 


TABLE 10.—Analyses of wildlife samples—herring 





NUMBER OF 


LOCATION FISH IN 


MEAN RESIDUES IN MG/KG 





POLLUTION 








SAMPLE DIELDRIN 


TDE p,p’-DDT 


CATEGORY 





Canada 
Chedabucto Bay <0.02 


<0.02 


Bay of Fundy <0.02 


Denmark 

Esbjerg 0.003 
0.015 
0.020 


Finland 
Haapasaari <0.02 
<0.02 


Kotka <0.02 


Netherlands ! 
Wadden Sea 0.032 


Portugal ? 
Arrifana 0.007 
Algarve 0.005 


Spain 2 
Palamos 0.043 
Barcelona 0.049 
Castellon <0.001 
Vigo 0.007 
Santander <0.001 





Sweden 
1969 Bornholm Basin 
Gulf of Bothina 
1970 Bornholm Basin 
Gulf of Bothina 


United Kingdom 


Eyemouth 
Clyde 

S. Ireland 
Lowestoft 














Unpolluted 
Unpolluted 
Polluted 


Unpolluted 
Unpolluted 
Polluted 


Slightly polluted 
Slightly polluted 
Slightly polluted 


Slightly polluted 


Unpolluted 
Unpolluted 


Polluted 
Polluted 
Polluted 
Unpolluted 
Unpolluted 


Polluted 
Unpolluted 
Polluted 
Unpolluted 


Unpolluted 
Polluted 

Unpolluted 
Unpolluted 

















NOTE: Where residues were not detected, the limit of detection was stated. 
1 Includes sprat. 
2 Sardines. 
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the same area, especially in the samples from Sweden 
and the United Kingdom (Clyde). This was only partly 
due to the difference in lipid content since Swedish 
samples also showed a marked difference even when 
calculated on a lipid basis. 


The highest dieldrin concentrations were reported from 
the United Kingdom, the highest DDT values from the 
Baltic (Finland and Sweden), and the highest PCB values 
from Spain. None of the mercury concentrations ex- 
ceeded 0.2 mg/kg. 


Pike (examined by six countries—Table 11) 

Once again the overlap between the ranges of residue 
concentrations reported from uncontaminated and con- 
taminated areas was considerable. The residue levels of 
organochlorines in pike from all areas were lower than 
those in herring, but mercury concentrations were 
significantly higher, even in unpolluted areas. High 
concentrations of mercury have been found in pike 
from unpolluted areas in several countries and are 
generally accepted as of natural origin. 


Dieldrin levels in pike were generally low; the highest 
DDE values were reported by Spain and the highest 
PCB values from the Netherlands. Finland reported the 
highest mercury concentrations. one mean value being 
almost 4 mg/kg. 


Eel (examined by two countries—Table 12) 

The few results reported gave no clear indication of any 
difference between unpolluted and polluted waters, but 
the concentrations of organochlorines in eels, probably 
because of the high lipid content of eel muscle, were 
much higher than those reported for pike. This species 
seems worthy of further study to determine why differ- 
ences in pollution status were apparently not reflected in 
the residue levels in the samples examined. 


Heron eggs (examined by two countries—Table 13) 

In the eggs of all the species of birds examined dieldrin, 
TDE, and DDT residues were generally much smaller 
than those of DDE and PCB’s. For the heron eggs, 
there was a marked difference between the contamina- 
tion levels in unpolluted and polluted areas, the maxi- 
mum values of the concentrations of different con- 
taminants in the polluted areas being up to two orders 
greater than in the clean areas. The levels were also 
much greater than in the freshwater fish examined, al- 
though none of the fish and egg samples were from the 
same area in any country. From the British data, the 
eggshell thickness index of the heavily contaminated 
eggs was about 10% less than that of the uncontami- 
nated eggs. 


Eider eggs (examined by three countries—Table 14) 
None of the samples analyzed were from heavily con- 
taminated areas. although 


the PCB concentrations 


TABLE 11.—Analyses of wildlife samples—pike 





LOCATION 


MEAN RESIDUES IN MG/KG 


POLLUTION 








DIELDRIN 


CATEGORY 


TDE p.p’-DDT 





Finland 
Kivijarvi 
Kotka 
Ahvenkoski 
Tammijarvi 

Netherlands 
Grouw 
Westeinder 


Dobersdorfer See ! 
Warder See? 


Norway 


dyeren 
Langen 


Spain 
Garcia Sola 
Orellana 


Sweden 
1970 Bolmen 10 
Storvindlen 10 

1971 Bolmen 10 
Storvindlen 10 


United Kingdom 


Abberton Res. 13 
River Chelmer 15 
Loch Leven 10 


0.004 0.030 














Unpolluted 
Slightly polluted 
Polluted 
Polluted 


Slightly polluted 
Slightly polluted 
Slightly polluted 
Slightly polluted 


Polluted 
Unpolluted 


Polluted 
Polluted 


Slightly polluted 
Unpolluted 
Slightly polluted 
Unpolluted 


Unpolluted 
Polluted 


0.016 Slightly polluted 

















NOTE: Where residues were not detected, the limit of detection was stated. 


1 Samples from West Germany. 
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ranged from 0.27 to 9.3 mg/kg. The mean eggshell 
thickness index of 2.16 in the Finnish sample was 
significantly different (at the 5% level) from that of the 
Norwegian sample, 2.28, and the mean PCB value was 
about seven times greater. The eggshell thickness index 


Tern and pelican eggs (examined by three countries— 
Table 15) 

The eggs of three species of tern and one species of 
pelican, although not strictly comparable, are discussed 
collectively because of the information given, both on 


residue levels and eggshell thickness indices, together 
with some observations on the breeding success. Two 


was unfortunately not given for the Danish eggs, which 
contained the most PCB’s. 


TABLE 12.—Analyses of wildlife samples—eel 





MEAN RESIDUES IN MG/KG 
POLLUTION CATEGORY 





LOCATION 


DIELDRIN TDE p,p’-DDT 





Canada 


Chamcook Lake 
St. John River 


United Kingdom 
River Eden 0.52 0.83 
Leader Water 0.77 1.07 0.31 
Oxnam Water 0.70 0.85 0.50 
Leet Water 0.95 0.59 0.42 


Unpolluted 
Polluted 


<0.02 0.55 
<0.02 0.57 


Polluted 
Unpolluted 
Unpolluted 
Polluted 





























NOTE: Where residues were not detected, the limit of detection was stated. 








TABLE 13.—Analyses of wildlife samples—heron eggs 





MEAN MEAN RESIDUES IN MG/KG 
EGGSHELL 


INDEX 


NUMBER OF MEAN 
EGGs IN WEIGHT 
SAMPLE (G) 


POLLUTION CATEGORY 





LOCATION 


DIELDRIN DDE 





Netherlands 
Amsterdam 
Edam 
Eenhoorn 
Stampe Toren 


United Kingdom 
Denver $2.2 
Troy 54.0 
Shieldaig 43.1 
Druidibeg 56.3 
Carrowmore (42.3 1.65 


Polluted 

Slightly polluted 
Slightly polluted 
Slightly polluted 


Very polluted 
Polluted 
Unpolluted 
Unpolluted 
Unpolluted 





























NOTE: Where residues were not detected, the iimit of detection was stated. 


TABLE 14.—Analyses of wildlife samples—common eider eggs 





MEAN RESIDUES IN MG/KG 


DDT 


NUMBER OF MEAN 
EaGs IN E LL - 
SAMPLE INDEX DIELDRIN 


POLLUTION 
CATEGORY 





LOCATION 


TDE PCB’s 





Denmark 


1970 Hov R¢gn 10 
1971 Hov R¢n 10 





Slightly polluted 
Slightly polluted 


Finland 


Séderskar 2.16 Unpolluted 


0.070 1.05 


Norway 


Grind¢y 12 114.0 2.28 <0.01 0.40 Unpolluted 



































NOTE: Where residues were not detected, the limit of detection was stated. 
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TABLE 15.—Analyses of wildlife samples—tern and pelican eggs 





MEAN 


MEAN RESIDUES IN MG/KG (FRESH WEIGHT) 





EGGSHELL 
INDEX 


LOCATION SPECIES 


DIELpRIN | DDE PCB’s 


TDE | DDT 








Canada 


Bathurst, N.B. Common tern 


Hamilton, Ont. Common tern 


Netherlands 


Wadden See Sandwich tern 1.13 


United States 
South Carolina Royal tern 1.47 


Pelican 2.28 

















0.016 


0.73 


Polluted 
Polluted 























NOTE: Where residues were not detected, the limit of detection was stated. 


populations of common terns examined in Canada, from 
an uncontaminated and a highly contaminated area, 
showed large differences in all the residues determined, 
two orders of magnitude in the case of HCB and 
PCB’s. Although the eggshell thickness index of the 
eggs from the uncontaminated colony (Bathurst) was 
not determined, the heavily contaminated eggs (Hamil- 
ton) showed a decrease of 10% as compared with the 
index of all Canadian eggs measured before 1935, and 
the shells were mechanically weaker. The reproductive 
success of the Hamilton colony, as measured by per- 
centage of fledglings from eggs laid or fledged young 
per adult pair, was only 16-23% of that of the Bathurst 
colony, the decrease apparently unlikely to have re- 
sulted from either the lower density of the colony or 
disturbance by observers. 


The high concentrations of some residues found, 2.3 
mg/kg for HCB, 23.1 mg/kg for DDE, and 149 mg/ 
kg for PCB’s, were greater than for any other species 
reported in the study. These values were given on a 
wet-weight basis, but when expressed on a dry-weight 
basis to allow for differences in condition, the marked 
contrast in residue concentrations between the two sites 
remained. 


The population of Sandwich terns studied in the Nether- 
lands was known to have been heavily contaminated 
by cyclodiene insecticides in earlier years, but telodrin 
was absent from the 1970 egg sample and dieldrin and 
endrin were much lower than in 1965. The PCB and 
mercury contents were higher than in the uncontami- 
nated Canadian sample of common tern eggs, but much 
lower than in the contaminated Canadian eggs, and the 
eggshell thickness index of the Netherlands sample was 
estimated to have been only about 5% less than in 1950. 


In the United States, a population of Royal terns was 
studied, this stock having shown no decrease since 1947. 
The mean residue levels (except for DDT) were higher 
than those in the Bathurst colony of common terns from 
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Canada, and not greatly different from those in the 
Sandwich tern eggs from the Netherlands. By compari- 
son, the eggs of brown pelicans taken in the same area of 
the United States had residue concentrations similar to 
those in the Royal terns, yet the pelican colony has de- 
clined by over 80% in less than a decade and is now 
considered in danger of extinction. The eggshell thick- 
ness index of the pelican eggs has declined by 14% 
since 1947. 


CONCLUSIONS (BASED ON WILDLIFE SAMPLES) 


The results from the wildlife sampling program have 
emphasized the difficulties involved in selecting ap- 
propriate species for international monitoring, in ob- 
taining adequate samples of individuals for analysis, in 
identifying areas of high contamination, and in relating 
the residue concentrations found to any measurable 
biological effect. Despite the detailed manner in which 
the sampling requirements of the biological program 
were described, some investigators did not follow these 
closely. 


Perhaps the most surprising finding of the biological 
sampling program was that the differences in residue 
concentrations between samples of the same species of 
fish and shellfish from selected unpolluted and polluted 
areas were often small and, in respect to the combined 
samples from all countries, not significant. Thus, what 
may be considered a polluted area in one country could 
be classified as unpolluted in another, rendering the 
interpretation of chemical data from a global monitoring 
program very difficult. Even in the apparently unpolluted 
areas, where contamination is largely the result of 
atmospheric fallout or washout or oceanic circulation, 
the range of values found was considerable for most 
species examined. 


Thus, for mussels, PCB concentrations in areas ap- 
parently free of local pollution ranged from below 0.01 
to 0.67 mg/kg, and in herring the DDE concentrations 
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ranged from less than 0.01 to 0.30 mg/kg. Assuming the 
level representing background contamination from 
globally distributed material in the period 1969-71 to 
be below 0.01 mg/kg, a number of samples taken from 
areas selected as free of local pollution must nevertheless 
have had contamination significantly above the baseline 
level. A much greater number of widely distributed 
samples would be required to estimate the baseline level 
of contamination with a satisfactory degree of precision 
for any one species. 


The information obtained from eggs of piscivorous birds 
was more limited than that from the fish and shellfish, 
as few species were sampled by more than one country. 
Yet the differences between the uncontaminated and the 
contaminated areas, as demonstrated by those species 
sampled by more than one country, were much larger 
than was found for fish. Although it was hoped that 
measurements of eggshell thickness index and reproduc- 
tive success would help to establish the extent of the 
effects of such differences, several investigators did not 
find it possible to complete such measurements. The 
information supplied does, however, confirm that what 
may be regarded as a harmful residue level in one 
species is apparently harmless in another. A 14% de- 
crease in eggshell thickness index in pelican eggs seems 
to be a significant ecological factor, as does a 10% 
decrease in common tern eggs, but the latter was pro- 
duced by a much higher organochlorine level than 
occurred in the pelican eggs (although the correlation 
between organochlorines and eggshell thickness index 
decrease is only presumptive at the present time). 


From the results of the chemical exchange sample pro- 
gram, it is assumed that analytical accuracy is such that 
the major differences in residue levels found in the wild- 
life specimens are not due to variations between analysts 
or analytical techniques. The differences between con- 
tamination levels in the various populations were often 
very much larger than those now expected among the 
group of analysts who participated in the program. Be- 
fore any international monitoring system is established 
to assess the level of contamination of the environment 
and the changes which may follow government action on 
pollution, closer attention must be paid to the choice of 
appropriate indicator species and to obtaining adequate 
numbers of individuals for analysis in a sufficient num- 
ber of sampling sites. There are very few globally 
distributed species and probably none ideally suitable for 
monitoring, but species representing sufficiently large 
areas would provide adequate information for indicating 
general trends. 


The problem of assessing the ecological significance of 
even the high concentrations found in some populations 
nevertheless remains a major issue. Unless some measure- 
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ments of appropriate biological parameters can be 
made in conjunction with the chemical analyses, in both 
experimental laboratory and field studies, an effective 
ecological evaluation of chemical data from monitoring 
programs will be impossible. At the present time, the 
only practical field measurements which might be cor- 
related with levels of contamination are those for egg- 
shell thickness and reproductive success in birds; no 
comparable information is obtainable for fish popula- 
tions, yet the residue levels in fish may be important for 
piscivorous birds, even though they may appear harm- 
less to the fish themselves. Judgment of the significance 
of residues in fish can therefore, in some instances, be 
based on the wider ecological implication of their 
ultimate effect on the predator species. 


Further Programs 


This program has shown that, apart from an improve- 
ment in the ability of analysts to agree on both the 
identity and quantity of the major organochlorine resi- 
dues and an encouraging measure of agreement on 
mercury residues, the biological sampling and assessment 
of ecological changes falls far short of that necessary 
for an effective monitoring program. At the Third 
O.E.C.D. Technical Conference in Berlin in January 
1972, it was emphasized that any further study should 
be given official support by member governments to 
ensure that the program would be effectively fulfilled. 
The O.E.C.D. Sector Group on the Unintended Oc- 
currence of Chemicals in the Environment, at a meet- 
ing in Paris in March 1972, endorsed this view and 
approved a further study with specific objectives of 
direct interest to member governments. Briefly, the 
study involves the sampling of populations of herring 
(or sardine) in the marine environment, perch (or roach) 
in the freshwater environment, and nestling starlings 
(Sturnus vulgaris) in the terrestrial environment. Twenty- 
five individuals of the same age, and as far as possible 
of uniform sex and size. are to be analyzed individually 
for organochlorines and mercury. In addition, 10 pike 
of varying size but of one sex are to be taken from each 
appropriate location for mercury analysis, using the 
regression of mercury concentration on weight to cal- 
culate the mercury content of a 1-kg weight fish. Fish 
samples are to be taken prior to spawning, and the 
program will be repeated annually in the same locations 
for a further 2 years. 


From this study, an attempt will be made to determine 
whether a statistically significant decrease in the en- 
vironmental levels of DDT, PCB’s, or mercury can be 
found in any of the selected locations, following the 
action of a number of governments and industries in 
reducing the usage or discharge to the environment of 
these chemicals at the present time. It is not antici- 
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pated that all areas would show a decrease in the period 
under study, but it is hoped that such a change may be 
detected in at least some areas. It is clearly desirable that, 
as far as possible, action by governments and industries 
to reduce environmental contamination can be shown to 
be followed in due course by declines in the environ- 
mental levels of the substances controlled, but the rates 
of such declines are at present purely speculative. 


See Appendix for chemical names of compounds discussed in this paper. 


(1) 


(2) 


LITERATURE CITED 


Holden, A. V. 1970. International cooperative study of 
organochlorine pesticide residues in terrestrial and 
aquatic wildlife, 1967/1968. Pestic. Monit. J. 4(3):117- 
135. 

de Faubert Maunder, M. J., H. Egan, E. W. Godly, 
E. W. Hammond, J. Roburn, and J. Thomson. 1964. 
Clean-up of animal fats and dairy products for the an- 
alysis of chlorinated pesticide residues. Analyst 89(1056): 
168-174. 

Holden, A. V., and K. Marsden. 1969. Single-stage 
clean-up of animal tissue extracts for organo-chlorine 
residue analysis. J. Chromatogr. 44(3-4):481-492. 


PESTICIDES MONITORING JOURNAL 














Pesticide Residues in Natural Fish Populations 
of the Smoky Hill River of Western Kansas—1 967-69 ’ 


Harold E. Klaassen? and Ahmed M. Kadoum*® 


ABSTRACT 


Fish populations from five locations in an area of low 
pesticide use are described and their pesticide residue levels 
are given for the 3-year period, 1967-69. The study was 
carried out in a dry-land farming area with developing 
irrigation on the Smoky Hill River of west central Kansas. 
Fish samples were collected by electro-shocking at five sta- 
tions along an 80-km section of the river. A total of 393 
samples of the commonly occurring species (whole body, 
flesh, gonads) were analyzed for organochlorine residues. 


During the 3 years, 24 species of fishes were collected; 15 of 
these species were common in the study area. The number 
of species, number of individuals collected, and species 
diversity are presented for each station with respect to time. 
No endrin, aldrin, or heptachlor residues were detected in 
any sample. Heptachlor epoxide was found in trace amounts 
in three samples. Dieldrin was present in 15% of the 
samples, usually in amounts less than 0.01 ppm. DDT and 
its metabolites were detected in 75% of the samples, usually 
at only several hundreths of a part per million. The fish 
populations collected were considered “clean” from pesticides 
when compared with fishes from other surveys. These data 
form a baseline for future comparison as the agriculture 
changes in this area. 


Introduction 


Pollution of the environment and its potential effects on 
the health of man, animals, fish, wildlife, and the 
ecosystem in general have become subjects of concern. 
Insecticides have greatly benefited man by reducing 
disease and increasing food production; they also have 
been a major source of pollution (/3), particularly to 
fish (6, 7). 


1 Contribution No. 1149, Division of Biology; No. 1078, Department 
of Entomology, Kansas Agricultural Experiment Station, Kansas 
State University, Manhattan, Kans. 

2 Division of Biology, Kansas State University, Manhattan, Kans. 66506. 

3 Department of Entomology, Kansas State University, Manhattan, 
Kans. 66506. 
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Insecticides have been used extensively, and fairly high 
residue levels have been detected in fish from widely 
scattered areas (4,5). A unique opportunity to study the 
accumulation of pesticide residues and their effect on 
natural fish populations was provided as the Cedar Bluff 
Irrigation District, formerly a dry-land farming area 
with little insecticide usage, developed and as crop pro- 
duction and insecticide usage intensified (3,/0). 


This study describes the natural fish populations in a 
segment of the Smoky Hill River in the vicinity of Cedar 
Bluff Irrigation District, and presents data on pesticide 
residues in the common species of fishes in the area 
during the 3-year period, 1967-69. 


Methods 


THE STUDY AREA 


Samples were collected from the Smoky Hill River in 
Trego and Ellis Counties in west central Kansas (Fig. 
1). Typical of the Great Plains Region, the topography 
is flat to rolling with occasional breaks and canyons. 
The climate is continental with average annual pre- 
cipitation of about 54 cm. 


The Smoky Hill River originates in eastern Colorado and 
flows eastward forming the major drainage of the 
northern half of Kansas. Typically, the stream meanders 
through a wide flat sandy river bed; shore vegetation is 
generally sparse. The river was interrupted by the con- 
struction of Cedar Bluff Dam in Trego County in 1951. 
The reservoir was constructed primarily for irrigation, 
municipal water, and flood control (//), and at con- 
servation level extends approximately 15 km upstream. 
During the course of this study, water from the reservoir 
was used so extensively for irrigation that none was 
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FIGURE 1.—Map of the Smoky Hill River showing the fish sampling sites, Trego and Ellis Counties, west-central Kansas 


released into the river below the dam, and conditions 
were relatively stable for some distance below the dam. 
The entire volume of the river was the result of springs, 
seepage, local precipitation, and irrigation runoff below 
the dam. Stream volume was quite low near the dam, 
but increased progressively with distance downstream. 


SAMPLING STATIONS 


Samples were collected at five locations on the river 
spanning about 66 km in a straight line or about 80 river 
km. One station was upstream from Cedar Bluff Reser- 
voir, and one was just below the reservoir, upstream 
from the irrigation region. The other three stations 
were on the river along the irrigation district. 


Fig. 1 shows the general location of the study area; 
Table 1 gives locations, the size of the stream at each 
station, and brief descriptions of the sample stations. 
Each station was located close to a bridge to facilitate 
sampling; stations were numbered consecutively down- 
stream. The stream water was fairly clear except for a 
few days following rains. Dissolved oxygen usually was 
near saturation; water temperature typically varied 
greatly throughout the day; the pH ranged from 7.6 to 
8.3, total alkalinity, from 140 ppm to 220 ppm. 


COLLECTION OF SAMPLES 


Fish populations were sampled during 1967, 1968, and 
1969, using a 230-volt AC, 3,000-watt electro-shocker 
with two hand-held electrodes. The generator was placed 
on bridges; a power reel with 110 meters of cord per- 
mitted sampling that distance from either side of the 
bridge. 


To compare fish populations, fish from 91 m (100 yd) of 
stream were collected by two persons using the hand- 
held electrodes and dip nets and wading upstream in a 
zig-Zag pattern until fish in the entire 91-m section were 
collected. The electrodes were held in front of the 
collectors, and stunned fish were taken in dip nets; care 
was taken to avoid muddying the water. The same 91-m 
section was sampled each time at each station. 
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SAMPLES FOR PESTICIDE ANALYSIS 


Several species of fishes and some specific fish tissues 
were analyzed for pesticide residues. Whole bodies of 
four species (stoneroller, red shiner, plains killifish, and 
green sunfish) were analyzed. These four species repre- 
sented different trophic levels and were among the most 
abundant small species in the area, thus most likely 
subject to predation by larger animals. Knowledge of 
residue levels in these species would be useful in detect- 
ing problems of food chain concentration. Attempts were 
made to collect about 25 fish of each species at each 
station, but often it was not always possible to collect 
that many. All species were not collected at all stations. 


Samples of fish fiesh were collected from the most 
abundant game species, channel catfish, and the two 
largest species, carp and river carpsucker. These were 
the ones most likely to be eaten by man; therefore, this 
tissue was analyzed to detect possible hazards. Attempts 
were made to obtain flesh from up to 10 individuals per 
species per station, but frequently this amount could not 
be collected. Flesh was collected by filleting the fishes 
and removing the skin from the fillets. 


Pesticide residues were checked in gonads to detect 
possible effects on reproduction. To obtain quantities 
sufficient for analysis, gonads were collected from carp 
and river carpsucker, the largest species present. At- 
tempts were made to get gonads from five females and 
five males from both species at each station during each 
sampling; it was not possible to collect that quota. Carp 
usually had sizable gonads most of the year; carpsucker 
gonads were greatly reduced after mid-summer often 
making it impossible to get large enough volume for 
analysis. 


The samples were partially processed immediately after 
being collected. The fishes for whole body analysis were 
individually measured and weighed together and then 
frozen on dry ice. The fish flesh and gonad samples were 
taken from fishes that had been weighed and measured. 
Flesh and gonads of individual fishes were bagged sepa- 
rately in plastic bags and frozen on dry ice. 
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TABLE 1.—Description of sampling stations on Smoky Hill River, distance from Cedar Bluff 
Dam, and the approximate average size of stream 





STATION DESCRIPTION OF SAMPLING STATION / 


DISTANCE FROM CEDAR 
BLuFF DAM 


APPROX. AVERAGE SIZE OF STREAM 
AT NorMAL Low FLow 








WIDTH (M) DEPTH (M) 





In Trego County, stream very shallow 30.1 river 
and open with a sand bottom; no vege- 
tation on stream’s edges because it 
meandered over a wide river bed of 


sand through a short grass prairie. 


reservoir 


In Trego County, stream shallow with 
sand bottom; small overhanging trees 
and bushes at edges; some of the bank 
undercut beneath root masses. 


In Ellis County, north edge of the 
stream bordered part way by a bluff 
and the rest of the edge by sand with 
a few scattered trees; bottom part sand 
and part smooth bedrock; some 
washed out deep spots (about 0.6 m) 
with silt bottom. 


In Ellis County, part of stream bor- 
dered by a bluff; the rest of the edge 
bordered by gravel or sand with a 
few small trees; the bottom, sand or 
gravel with silt in the few deeper holes 
(1m) under brush piles. 


In Ellis County, edges bordered by a 
few trees with open sand or gravel; 
bottom with areas of gravel and of 
sand with a few holes (1m) under 
root masses and brush piles. 


km_ upstream 5.5 0.06 
(26.1 km straight line) and 
about 13.5 km from end of 


10.6 river km downstream 
(7.6 km straight line) 


31.0 river km downstream 


(24.1 km straight line) 


36.8 river km downstream 
(29.0 km straight line) 


50.2 river km downstream 
(40.1 km straight line) 




















1 Summerfelt (14) provides more details on the sampling areas. 


In the laboratory each sample was thawed and homogen- 
ized in a blender. For whole-body analysis individuals of 
one species from one station were pooled to make a 
sample. The sample of flesh consisted of a pooling of 
equal weights of flesh taken from each individual of 
one species to prevent larger fish from biasing the 
sample. Gonads were treated similarly, keeping sexes 
separate. After each pooled sample was homogenized, a 
subsample was taken for residue extraction. 


RESIDUE EXTRACTION AND ANALYSIS 


A 10-g subsample was placed in an omni-mixer with 
50 ml of redistilled hexane and sufficient anhydrous 
sodium sulfate to take up the water. The mixture was 
blended at high speed 1 to 2 minutes. The solution was 
then decanted through #43 Whatman filter paper into 
a 100-ml suction flask. The residue was extracted with 
two additional portions of hexane as described above; 
extracts were filtered and combined in a suction flask. 
The container, filter paper, and contents were washed 
with a final portion (10 ml) of hexane. The total hexane 
extract was transferred to a round-bottom flask for 
concentration under vacuum at 35°-40° C to 2-3 
ml of hexane. The concentration was transferred 
quantitatively to a 15-ml centrifuge tube using small 
portions of hexane totaling 5 ml. An aliquot was used 
for cleanup and gas chromatographic analysis. 
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For the cleanup procedure a silica-gel chromatography 
microcolumn was prepared by packing a plug of glass 
wool loosely into a disposable pipet, about 4 cm from 
the tip, and then adding | g of high purity Silica Gel 
950 (60-200 mesh). Prior to column chromatography, 
solvent extract was evaporated to 1 ml. For partial 
deactivation of silica gel, the | ml of concentrated ex- 
tract used for charging the column was saturated with 
5 pl of distilled water and transferred quantitatively to 
the column. It was allowed to percolate through the 
column at 1-2 ml per minute. The walls of the column 
were rinsed with small portions of hexane. When the 
solvent reached the top of the silica gel, elution with 
the desired eluting solvent was begun. 


The eluting solvents were 2%, 7%, and 70% benzene in 
hexane, 100% benzene and 8% ethylacetate in benzene. 
The eluate was collected in a 15-ml graduated centrifuge 
tube. The eluates were concentrated separately to 1 ml, 
by a stream of nitrogen just before gas chromatography 
(8,9). 


The analyses were performed with RSCO Model #600 
series and Barber-Coleman gas chromatographs, both 
equipped with electron capture detector. Operating con- 
ditions were as follows: 
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Column: 6’ glass, packed with 3% DC-11 on 60 to 80 mesh 
silinized Gas Chrom P 

Column 200° C 

Detector 220° C 

Injector 240° C 

Carrier gas: Nitrogen at a flow rate of 36 ml/min 

Volume injected:4 ul of the extract in hexane 


Temperatures: 


Each sample was analyzed for these organochlorine 
pesticides: endrin, aldrin, dieldrin, heptachlor, heptach- 
lor epoxide, 0,p’-DDT, p,p’-DDT, p,p’-DDE, and p,p’- 
DDD. The analytical procedure was capable of detect- 
ing residues as low as 0.01 ppm of the above pesticides. 
Insecticide residues were not corrected for recovery 
since recovery from fortified samples was essentially 
100%. 


Results and Discussion 
FISH POPULATION 


During the 3 years, 24 species of fishes were collected 
from the 5 stations. Table 2 lists these species along 
with the percent of times they were taken at each sta- 
tion, based on the total number of sample collections 
at each station. The mean and range in number of 
individuals collected are also presented. The means are 
expressed as logarithmic means because most samples 
contained few individuals of a species with an occasional 
great number. The species names used are accepted 
common names established by the American Fisheries 
Society (J). Fifteen species are considered common in 
the study area: stoneroller, carp, red shiner, sand shiner, 
suckermouth minnow, bluntnose minnow, fathead min- 
now, creek chub, river carpsucker, black bullhead, chan- 
nel catfish, plains killifish, green sunfish, orangespotted 
sunfish, and orangethroat darter. All 15 species are 
rather widely distributed in Kansas (2). 


The means and ranges of the number of species and 
species diversity for each station during the 3 years of 
this study are presented in Table 3. Species diversity was 
calculated with the following formula which MacArthur 
and MacArthur (/2) applied to diversity in animal 
populations: 


Species Diversity = — yP, In P; 


where P; is the portion or fraction of the number of 
individuals of species ; to the total number of individuals 
of all species collected and InP; is the natural logarithm 
of that portion. Then the antilog was taken to express 
the value in a species equivalent. The species diversity 
index shows the degree of equality distribution of in- 
dividuals among the different species collected. If exactly 
the same number of each species was collected, species 
diversity would equal the number of species. In general, 
stable communities have high species diversities, and 
unstable communities or polluted environments have 
low species diversities. 
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Fig 2 shows the trends of numbers of fish species and 
species diversities over the 3 years at all stations. The 
stream conditions at Station 1 varied widely, as re- 
flected by the erratic pattern of number of species and 
species diversities. Stations 2 through 5 showed fairly 
consistent and similar numbers of species and species 
diversities, indicating a relatively stable situation. 


PESTICIDE RESIDUES 

The results of 393 pesticide analyses are given in Table 
4 for Stations 1 through 5, respectively. The data for 
1967, 1968, and 1969, were summarized together since 
residue patterns were generally similar for each of the 
3 years. 


Residues of endrin, aldrin, and heptachlor were not 
detected in any sample. Dieldrin was detected in a small 
percentage (15%) of the samples, most of these had only 
trace (<0.001 ppm) amounts. Heptachlor epoxide was 
detected in only three samples in trace amounts. Resi- 
dues of DDT and its metabolites were most frequently 
detected, with DDE being found in most samples and 
the other compounds found in only a few samples. In 
most cases, residue amounts were very low, several 
hundredths of a part per million. 


Biological magnification was not shown in the whole 
body analysis of small species, since no trend with 
respect to trophic level of fish species was evident. 
Residues were low, and these species did not appear to 
pose a threat to larger predators. 


Residues in edible flesh samples were at very low levels, 
the highest being 1.66 ppm DDE in one sample of 
channel catfish meat. All samples were considered safe 
for human consumption, being well below the FDA 
tolerance levels. 


The gonads tended to have the most residues, especially 
carp testes. Whether or not residues in gonads affected 
the reproductive success is unknown. Fish populations 
appeared to be consistent throughout the study with 
young of all the common species consistently appearing 
in collections. 


Our results compared with those of the National Pesti- 
cides Monitoring Program indicate that pesticide resi- 
dues in fishes of the Smoky Hill River region are among 
the lowest in the Nation. Henderson et al. (4,5) showed 
DDT and its metabolites in 99% of the samples at levels 
up to 45 ppm for 1967 and 100% for 1969 with levels 
up to 57.8 ppm. Seventy-five percent of all our samples 
had DDT and its metabolites with 0.10 ppm the highest 
for whole body, 1.66 ppm the highest (second highest 
was 0.11 ppm) for flesh, and 1.96 ppm the highest 
(second highest was 0.61 ppm) for gonads. The whole 
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TABLE 2.—The logarithmic mean and range (in parenthesis) of numbers of fishes collected per sampling and the percent 
of times that each species was collected during 1967, 1968, and 1969 





STATION 1 


STATION 2 


STATION 3 


STATION 4 


STATION 5 





MEAN 
AND 
RANGE 
C3 


PERCENT 
TIMES 
COLLECTED 


MEAN 
AND 
RANGE 
3 


PERCENT 
TIMES 
COLLECTED 


MEAN 
AND 
RANGE 
sae 


PERCENT 
TIMES 
COLLECTED 


MEAN 
AND 
RANGE 
ee 


PERCENT 
TIMES 
COLLECTED 


MEAN 
AND 
RANGE 
ee 


PERCENT 
TIMES 
COLLECTED 





Gizzard shad 


Stoneroller 


Carp 


Plains minnow 


Red shiner 


Sand shiner 


Suckermouth minnow 


Bluntnose minnow 


Flathead minnow 


Creek chub 


River carpsucker 


Black bulihead 


Yellow bullhead 


Channel catfish 


Stonecat 


Flathead catfish 


Plains killifish 


White bass 


Green sunfish 


Orangespotted sunfish 


Bluegill 


Largemouth bass 


Orangethroat darter 


Freshwater drum 


0.1 

(0-2) 

4.0 
(0-38) 


2.9 
(0-96) 


0.9 
(0-43) 


3.2 
(0-250) 


14.9 
(0-662) 
0.4 
(0-12) 

0 


171.1 
(22-2493) 

0.4 
(0-7) 


0.3 
(0-2) 


0.1 
(0-1) 


0 





0.03 
(0-1) 


51.4 
(1-354) 
1.7 

(0-10) 


0.2 
(0-2) 


142.5 
(25-498) 


133.6 
(25-460) 


1.6 
(0-54) 


46.1 
(7-337) 


17.6 
(1-70) 


13.4 
(3-65) 


0.8 
(0-9) 


2.2 
(0-9) 


0.1 
(0-2) 


1.4 
(0-8) 


0.1 
(0-1) 


0 





0.1 
(0-1) 


43.1 
(3-182) 


2.3 
(0-21) 


0 
93.7 
(16-528) 


125.1 
(5-634) 


0.4 
(0-4) 


98.6 
(14-363 ) 


34.0 
(3-314) 


8.4 
(2-89) 


2.0 
(0-61) 


1.4 
(0-18) 


0.04 
(0-1) 


2.5 
(0-26) 


0.04 
(0-1) 


0.1 
(0-1) 


20.6 
(0-226) 





0.1 
(0-7) 


179.7 
(33-1678) 


2.2 
(0-24) 


0.04 
(0-1) 


292.4 
(76-1461) 


267.5 
(60-1617) 


17.9 
(0-139) 


163.1 
(18-1129) 


41.5 
(6-421) 


8.0 
(0-30) 


1.5 
(0-27) 


0.5 
(0-2) 


0.04 
(0-1) 


1.5 
(0-61) 
1.4 
(0-7) 
0.4 
(0-4) 


86.5 
(23-452) 


0 





86.5 
(9-341) 


03 
(0-7) 
0.1 
(0-1) 

159.0 

(47-290) 

138.5 
(23-586) 
34.0 
(7-137) 
15.8 
(3-63) 
3.8 
(0-57) 
44 
(0-31) 


1.0 
(0-13) 


0.3 
(0-5) 


0 
2.4 
(0-22) 


0.9 
(0-11) 


0.2 
(0-1) 


50.9 
(2-453) 


0 
5.4 
(0-26) 
0.7 
(0-6) 
0 
0.3 
(0-1) 
2.1 
(0-9) 
0.2 
(0-2) 








Number of sampling 
periods 
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TABLE 3.—Mean number of species and Species diversity 
of fishes collected per sampling station in the Smoky 
Hill River during 1967, 1968, and 1969 





STATION 1 2 3 4 





Mean number 


of species collected 14.4 


Range in number 


of species collected 9-18 


Mean 


species diversity 6.56 6.55 6.33 


Range in species 


diversity 5.18-7.92 | 3.23-8.56 | 4.01-8.46 


Number of sampling 


periods 21 20 20 




















body results for dieldrin residues by Henderson et al. 
(4,5) for 1967-68 showed residues in 75% of the samples 
with values up to nearly 2 ppm. During 1969 they found 


dieldrin in 93% of the samples with levels up to 1.59 
ppm. We detected dieldrin in only 15% of all our 
samples with highest values in the whole bodies 0.04 
ppm, in the flesh 0.01 ppm, and in the gonads 0.08 


ppm. 


Results of this study indicate that fish populations in 
the Smoky Hill River of western Kansas are relatively 
“clean” of pesticide residues. This is undoubtedly be- 
cause of the low pesticide use in this area of traditional 
dry-land farming. These data form a baseline with which 
future studies of the fish populations and residue levels 
can be compared. 


See Appendix for chemical names of compounds discussed in this 
paper. 


This study was supported in part by funds from Regional Research 
Project, NC-85, “Reduction of Hazz*ds Associated with the Presence 
of Residues of Insecticidal Chemicals in the Environment,” 

Agricultural Eperimen Station, Project 481, Kansas State University. 
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FIGURE 2.—The number of species of fishes collected and species diversity for each sampling period at the five stations during 
the study, 1967-69 
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TABLE 4.—Pesticide residues in fish and fish tissues-from the-Smoky Hill River, Kansas—1967-69 
{T = <0.01 ppm] 





NUMBER OF TIMES DETECTED AND RANGE ( ) IN PPM 
or DETECTED RESIDUES *:* 


HEPTACHLOR 0,p’- p,p’- P,p’- 
EPOXIDE DDT DDT DDE 








STATION 1 





Ovaries 





STATION 2 





li 
(T-.03) 


15 
(T-.05) 
4 
(.01-.02) 
15 
(.01-.04) 
8 
(T-.04) 
2 
(T-.04) 
5 
(.01-.04) 


10 
(.01-.58) 


5 
(.01-.03) 


1 
(.03) 











STATION 3 








Stoneroller Whole | 
body (T-.04) 


Red shiner Whole 2 11 
body (T-.07) 


Plains Whole o 
killifish body (T-.01) 
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TABLE 4.—Pesticide residues in fish and fish tissues from the Smoky Hill River, Kansas—1967-69—Continued 
{T = <0.01 ppm] 





NuMBER OF TIMES DETECTED AND RANGE (_ ) IN PPM OF 
DETECTED RESIDUES ?:? 





HEPTACHLOR o,p’- p.p’- P.p’- 
DIELDRIN EPOXIDE DDT DDT DDE 





STATION 3—Continued 





Whole sie - 1 13 
body (T) (T) (T-.04) 


Flesh 2 0 8 
(T-.01) (T-.03) 
Flesh 1 2 
(T) J (T-.01) 


Flesh 1 6 
(T) (.01-.02) 


Testes 5 14 
(T-.01) (T-.14) 


Ovaries 2 8 
(T) (T-.01) 


River Testes 2 2 
carpsucker (T-.01) (.01-.02) 


Ovaries 0 1 
(.01) 





STATION 4 





Stoneroller Whole 2 8 
body (T-.04) 
Red shiner Whole 6 12 
body (T-.08) 
Plains Whole 7 
killifish body (T-.02) 


Green Whole 2 11 
sunfish body (.01-.04) 


Carp Flesh 9 

(.01-.03) 

River Flesh 7 
carpsucker (T-.01) 


Channel Flesh 6 
catfish (T-.01) 


Carp Testes 14 
(T-.08) 
Ovaries 10 
(T-.03) 
River Testes 2 2 
carpsucker (.01-.03) 


Ovaries 3 
(T-.01) 





STATION 5 





Stoneroller 8 
(T-.09) 
Red shiner 8 
(.01-.04) 
Plains 4 
killifish (T-.01) 
Green 1 5 
sunfish 7 (T-.03) 
Carp 2 
(.01) 
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TABLE 4.—Pesticide residues in fish and fish tissues from the Smoky Hill River, Kansas—1967-69—Continued 
{T = <0.01 ppm] 





NUMBER OF 


NUMBER OF TIMES DETECTED AND RANGE (_ ) IN PPM OF 


DETECTED RESIDUES *:3 





SAMPLES } 
DIELDRIN 














HEPTACHLOR o,p’- p.p’- P.p’- 
EPOXIDE DDT DDT DDE 














STATION 5—Continu 





Flesh (T-.01) 
(T) 


Flesh 3 
(T) 


Testes 


Ovaries 


Testes (T) 
(T) 


Ovaries 2 
(T) 














1 
(.01) 
3 
(T-.02) 


4 
(.01-.07) 


3 
(.01-.02) 


1 
(01) 


1 
(.01) 

















1 For whole body analysis, individuals of one species from one station were pooled to make one sample. The sample of flesh consisted of a 
pooling of equal weights of flesh taken from each individual of one species; gonads were treated similarly, keeping sexes separate. 


2 Wet-weight basis. 
2 Endrin, aldrin, and heptachlor residues were all zero values. 
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Organochlorine Pesticides and Polychlorinated Biphenyls in 
Black Duck Eggs From the United States and Canada—1971 ' 


Jerry R. Longcore and Bernard M. Mulhern 


ABSTRACT 


Black duck (Anas rubripes) eggs were collected in 1971 from 
the Northeastern United States and Canada. All 61 eggs 
analyzed contained DDE residues; the mean DDE residues 
for States and Provinces ranged from 0.09 to 5.94. ppm on 
a wet-weight basis, with mean concentrations exceeding 1.0 
ppm in eggs from Maine, New York. New Jersey, and 
Delaware. The highest DDE concentration, 14.0 ppm, was 
in an egg from Delaware. DDD and DDT residues averaged 
<0.5 ppm for each collection area. No mirex residues and 
only trace amounts of dieldrin and heptachlor epoxide were 
detected. Of the 61 eggs, 57 contained PCB’s; mean PCB 
residues ranged from <0.05 ppm in samples from Nova 
Scotia to 3.30 ppm in those from Massachusetts, with trace 
amounts occurring in nearly half the samples. Mean organo- 
chlorine pesticide residues appeared to be lower in the 1971 
samples than in those analyzed in an earlier study in 1964. 


The shells from the 61 eggs were measured for thickness. 
Comparisons of the shell thickness of eggs collected in 1971, 
1964, and prior to 1940 showed that the average thickness of 
Shells from eggs collected in 1964 (0.321 mm) was signific- 
antly less (P<0.01) than that of shells of eggs collected prior 
to 1940 (0.348 mm) or in 1971 (0.343 mm). 


Introduction 


A survey of organochlorine pesticides in black duck 
eggs, completed in 1964, revealed that DDE residues 
averaged over 4 ppm (wet-weight basis) in eggs from 
three different States and ranged as high as 10-12 ppm 
in some eggs (/). With decreasing use and increasing 
restrictions on DDT in the United States the present 
survey was made in 1971 to determine whether a down- 
ward trend was apparent in residue levels. 


1U. S. Dept. of the Interior, Fish and Wildlife Service, Bureau of 
Sport Fisheries and Wildlife, Patuxent Wildlife Research Center, 
Laurel, Md. 20810. 
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Sampling Procedures 


In the spring of 1971, two eggs were collected from 
each of 61 nests along the Atlantic seaboard from 
Maryland to Nova Scotia by U.S. and Canadian bio- 
logists. After collection, eggs were individually wrapped 
in aluminum foil, packed in a shipping container, and 
sent to the Patuxent Wildlife Research Center, Laurel, 
Md. One egg from each clutch was randomly chosen for 
chemical analysis, and two eggs from each of four 
clutches (one in Maine. Vermont, Massachusetts, and 
New Jersey) were analyzed. 


Weight, length, and breadth were measured for all eggs. 
Volume was measured by water displacement, except 
for cracked eggs. Volumes of cracked eggs were esti- 
mated by calculating a regression equation of measured 
volume (ml) on length (LZ in cm) x breadth (B in cm) 
squared (2). The equation for these estimates was y = 
0.506315 LB? + 0.924992442, an equation derived 
from measurements and volumes of a series of 59 black 
duck eggs. The difference between measured volume 
and estimated volume averaged 2.6%. Residue levels 
that were probably biased upwards from a reduction of 
moisture or lipids in incubated eggs or cracked eggs 
were corrected by assuming specific gravity as 1.0 and 
basing concentration (ppm) on egg volumes. For the 


_ cracked eggs (N=3), residue values reported herein are 


conservative assuming chemicals were lost with lipids. 


Eggs were cleaned of debris before opening at the shell 
equator. The stage of embryonic development was noted. 
and egg contents were then frozen until chemical an- 
alysis. Shells were washed and air-dried to constant 
weight, then measured at the shell equators with a 
Starrett 1010M micrometer graduated in units of 0.01 
mm. 
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A statistical comparison of the 1964 and 1971 eggshell 
thickness was made by analysis of variance with weight- 
ing of disproportionate subclasses (3). Student’s t-test 
was used to compare means of shell thickness of eggs 
collected prior to 1940 and eggs collected in 1964. 


Analytical Procedures 


Eggs were analyzed individually for residues of organo- 
chlorine pesticides and polychlorinated biphenyls (PCB’s). 
Each egg was mixed in an Omni-mixer and a 20-g 
aliquot was removed for analysis. The 20-g aliquot 
was ground with anhydrous sodium sulfate and extracted 
for 7 hours with hexane in a Soxhlet apparatus. The 
extract was cleaned up, and the pesticides in half the 
clean extract were separated and removed in four frac- 
tions from a thin layer (TL) plate according to the 
procedure of Mulhern et al. (4). The other half of the 
clean extract was used for PCB analysis. 


All four TL fractions were analyzed separately by 
electron capture gas chromatography on a 4% SE- 
30/6% QF-1 on 100/120 Gas Chrom Q column; DDT 
residues in fraction III (and occasionally fraction IV) 
were confirmed on a 3% QF-1 column. The operating 
parameters for the SE-30/QF-1 and QF-1 columns are 
given in Table 1. Average recovery by this method is 
85-96%, and the limit of detection is approximately 
0.05 ppm for DDE, DDD, DDT, and dieldrin, and 0.01 
ppm for heptachlor epoxide. Residues were not corrected 
for percent recovery. 


TABLE 1.—Chromatographic operating conditions (using 
electron capture detection) 





CoLumns, Giass %4” O.D. fas 


A B 








Column length 4 ft 6 ft 

Liquid phase 4% SE-30/6% QF-1 3% QF-1 
Support Gas Chrom Q Gas Chrom Q 
Mesh size 100/120 100/120 

60 ml/min 100 ml/min 
Purge 40 ml/min _ 


Column flow rate 


Gas 5% methane /argon 
200° C 


13.5 min 


nitrogen 
Temperature 170° C 


Retention time of dieldrin 








17.5 min 





PCB’s were determined by the method of Mulhern et al. 
(5). In this method, the clean extract is evaporated to 
dryness, and the residue is reacted with chromic acid- 
acetic acid oxidative reagent in a water bath for 12 hour. 
The reacted mixture is then extracted with two succes- 
sive portions of 10 ml of hexane, which are pooled. 
washed with water until neutral to hydrion paper, filtered 
through drierite, and concentrated to 100 yl for TLC. 
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Analysis for PCB’s by TLC was accomplished by spot- 
ting 1,5, and 10 pl dilutions of oxidized extract and 1, 3, 
and 5 yg quantities of Aroclor 1254®, on AgNO; in- 
corporated Al,0, plates. Plates were developed in a 
solvent mixture of 5% benzene in hexane, removed, 
dried, and then exposed to germicidal UV lights until 
completely color developed. Semiquantitation was ac- 
complished by comparing a sample spot to Aroclor 
1254. The limit of sensitivity was 1.00 ppm. 


Results and Discussion 


The results of analyses are shown in Table 2. DDE was 
detected in all eggs; residues in individual eggs ranged 
from a trace (<0.05 ppm) to 14.0 ppm on a wet-weight 
basis. The mean DDE residues from States or Provinces 
ranged from 0.09 in Nova Scotia eggs (N=2) to 5.94 
ppm in Delaware eggs (V=5). DDE in eggs from Maine, 
New York, New Jersey, and Delaware averaged greater 
than 1.0 ppm. DDD occurred in 31 of 61 eggs, in 16 as 
trace amounts but as high as 0.32 ppm in one. DDT 
was present in 55 of 61 eggs, in 7 as trace amounts and 
with a high value of 1.19 ppm. Average DDT residues 
did not exceed 0.42 ppm for any State or Province. 
Dieldrin was present in 59 of 61 eggs, in 35 as trace 
amounts and with a high value of 0.81 ppm. State or 
Province dieldrin means ranged from 0.022 to 0.208 
ppm. Heptachlor epoxide occurred in 46 eggs, in 10 as 
trace amounts; the high value was 0.16 ppm. The highest 
mean residue for any State or province was 0.14 ppm 
in the New York sample. No mirex was detected. 


PCB's were detected in 57 of the 61 eggs; 28 eggs con- 
tained trace amounts, <1.0 ppm. PCB means ranged 
from <0.05 ppm in Nova Scotia to 3.30 ppm in Massa- 
chusetts. The highest PCB residue was 6.9 ppm. Lipid 
weight averaged 14.1% of the fresh weight of the egg 
contents. Residues in the two eggs from each of four 
different clutches were similar except for the pair 
analyzed from New Jersey (Table 3). 


Average shell thickness of fresh eggs plus eggs incubated 
less than 1 week was 0.343 mm (N=52). Shells of eggs 
incubated for longer periods (N=9) averaged 0.349 mm. 
Thickness at the equator of all 61 shells averaged 0.344 
mm, with a range of 0.30-0.40 mm. 


Egg residues found in this survey are not strictly com- 
parable to those found in the 1964 survey, because of 
disproportionate sample sizes from the different States 
and Provinces. However, DDE residues measured in 
the present survey were generally lower than those in 
1964. One exception to this general pattern was the 
DDE residues in the five 1971 eggs from Delaware 
which had a mean residue of 5.9 ppm of DDE and a 
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range of 2.0-14.0 ppm. In the 1964 survey, the DDE 
residues in six Delaware eggs averaged 1.7 ppm (range 
0.05-2.3 ppm). DDD and DDT residues were also lower 


in the present survey (Table 2). 


In the 1964 survey, DDE averaged over 4.0 ppm in 
eggs from three different States: New York, 4.4 ppm; 
New Jersey, 4.6 ppm; and Massachusetts, 5.5 ppm (/), 
with DDE residues in some eggs from each of these 
States exceeding 10 ppm. 


Dieldrin and heptachlor epoxide occurred more fre- 
quently in eggs collected in the present survey than in 
those of the 1964 survey, but individual eggs contained 


similarly low concentrations in both years. The increased 
frequency of occurrence is probably related to the 


greater sensitivity for quantitation. In the 1964 survey, 
the sensitivity for heptachlor epoxide and dieldrin was 
0.2 ppm; in the present survey, the sensitivity for 
heptachlor epoxide was 0.01 ppm and for dieldrin, 0.05 


ppm. 


TABLE 2.—Organochlorine pesticide and PCB residues in black duck eggs from the United States and Canada—1971 





COLLECTION 
EA 


NUMBER 
OF 
Eccs 


RESIDUES IN PPM, WET WEIGHT Basis? 





p,p’-DDD 


p,p’-DDT 


DIELDRIN 


HEPTACHLOR 
EPOXIDE 





CANADA 
Nova Scotia 


New Brunswick 


Quebec 


Ontario 


UNITED STATES 
Maine 


New Hampshire 


Vermont 


Massachusetts 


Connecticut 


New York 


New Jersey 


Delaware 


Maryland 











Mean 
Median 
Range 


Mean 
Median 
Range 


Mean 
Median 
Range 


Mean 
Median 
Range 


Mean 
Median 
Range 


Mean 
Median 
Range 


Mean 
Median 
Range 


Mean 
Median 
Range 


Mean 
Median 
Range 


Mean 
Median 
Range 


Mean 
Median 
Range 


Mean 
Median 
Range 


Mean 
Median 
Range 


0.090 
0.09 
0.07-0.11 


0.173 
0.19 
0.09-0.24 


0.790 
0.77 
0.22-1.50 


0.820 
0.70 
0.28-1.49 


1.013 
0.51 
0.29-2.24 


0.480 
0.53 
0.19-0.72 


0.513 
0.48 
0.15-1.00 (1T) 


0.924 
0.65 
0.28-1.90 


0.210 
0.21 
1.230 


0.46 
0.46-2.70 


1.971 
1.75 
0.97-3.20 


5.940 
4.30 
2.00-14.00 


0.298 
0.27 
0.14-0.49 








(2ND) 


(3ND) 


0.010 
0.00 
(3ND,2T) 


0.010 
0.00 
(3ND,2T) 


0.016 
0.025 
(IND,2T) 


(3ND) 


0.002 
0.00 
(8ND,1T) 


0.044 
0.025 
0.07-0.10 
(1ND,2T) 


0.025 
(1T) 
0.123 
0.05 
0,05-0.32(1ND) 


0.084 
0.055 
0.06-0.23 
(1ND,2T) 


0.120 
0.15 
0.15-0.23(2T) 


0.030 

0.025 
0.05-0.11 
(4ND,2T) 


0.025 
0.025 
(2T) 


0.060 
0.05 
0.05-0.08 


0.254 

0.25 
0.06-0.60 

0.254 


0.28 
9.07-0.41 


0.420 
0.07-1.19(1ND) 
0.211 
0.025 
0.61(1ND,1T) 
0.096 


0.09 
0,.07-0.27(2ND) 


0.222 


0.09-0.69(1ND) 


0.08 


0.08 


0.236 
0.16 
0.05-0.50 


0.382 
0.36 
0.12-0.78 


0.205 
0.10 
0.10-0.53 
(1ND,1T) 


0.062 


0.07-0.12(3T) 








0.025 
0.025 
(2T) 


0.025 
0.025 
(3T) 


0.040 
0.025 
0.10(4ND) 


0.030 


0.025 
0.05(4T) 


0.035 


0.025 
0.08(1ND,1T) 


0.025 
0.025 
(3T) 


0.022 
0.025 
(1ND,8T) 


0.208 
0.07 
0.07-0.81(2T) 


0.025 
(1T) 

0.10 

0.10 

0.09-0.11 
0.061 
0.07 
0.06-0.09(2T ) 
0.124 


0.05 
0.05-0.44(2T) 


0.128 
0.12 
0,05-0.39(3T) 





0.0025 
0.0025 
(1ND,1T) 
0.002 
0.00 
(2ND,1T) 
0.006 
0.005 
0.01-0.02(3ND) 
0.011 
0.01-0.02(1T) 


0.003 
0.00 
0.01(2ND) 


0.010 
0.006 
0.006-0.02(1T) 
0.006 
0.005 
0.007-0.02 
(3ND,2T) 
0.014 
0.010 
0.01-0.05(2ND) 
0.005 
(1T) 
0.040 
0.03 
0.01-0.08 
0.018 


0.015 
0.01-0.04(1T) 


0.012 

0.02 
0.02(2ND) 

0.037 


01 
0.01-0.16(2T) 





0.05 
0.025 
(2T) 


0.333 
0.5 
(1ND,2T) 
1.1 
1.0 
1.0-2.0(1T) 
1.50 


0.50 
0.5-3.00(2T) 


0.67 
0.50 
1.00(2T) 
0.50 
0.50 
0.50(2T) 
0.611 
0.50 
1,00-2.00 
(2ND,5T) 
3.30 
3.00 
1,00-6.90 
0.50 
(iT) 
1.50 
2.00 
0.50-2.00 
1.434 
1.00 
1,00-4.0(1T) 
0.90 


0.50 
1.00-2.00(3T) 


0.50 
0.50 
1.00(1ND,7T) 





1 


NOTE: ND = not detected; T = trace = <0.05 ppm for DDE, DDD, DDT, and dieldrin and <0.01 ppm for heptachlor epoxide and <1,00 ppm 
for PCB’s; ranges exclude ND and T values, which occurred in number of samples shown in parentheses. All values were used in computing 


means and medians; for means, trace values were used as one-half the stated “less than’ value and ND was used as zero. 


' Mirex was not detected in any egg. 
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In 1971, mean shell thickness (0.343 mm) of the 52 eggs 
incubated less than 1 week was 1.4% less than the 
mean thickness (0.348 mm) of 34 black duck eggshells 
collected between 1876 and 1939 in the Northeast United 
States and Canada (E. E. Klaas and H. M. Ohlendorf, 
Patuxent Wildlife Research Center, personal communica- 
tion). These 34 eggs also were either fresh or incubated 
less than 1 week. Eggs with developed embryos were ex- 
cluded from thickness computations because shell thick- 
ness may change with embryonic development (6). 


In the 1964 survey, two eggs were collected from each 
clutch. One egg from each of these clutches was an- 
alyzed for residues, but shells were not saved. Shells 
from the remaining eggs were measured later. Average 
thickness of 37 eggs from Maine, New York. Delaware, 
Massachusetts, and Vermont was 0.321 mm, which is 
significantly less (P<0.01, F.», with 1 & 50 df = 7.17; 
ANOV F = 7.16) than the average thickness of shells 
of 23 eggs (2 eggs with developed embryos excluded 
from computations) collected in the same States in 
1971 (0.340 mm). In both surveys most eggs were col- 
lected in the same general geographic area in each of 
the five States. The average shell thickness of the 1964 
eggs (0.321 mm) was also significantly less (P<0.01) 
than the mean thickness (0.348 mm) of the black duck 
eggshells collected between 1876 and 1939. These data 
suggest that shell thinning may have lowered produc- 
tivity for individual hens through shell cracking and 
contributed to the declining ratios of immature to adult 
birds in the years of the early 1960’s (/). Dietary DDE 
causes shell thinning among captive black ducks (7) 
and predisposes eggs to a higher incidence of shell 
cracking (8). 


Although the 1964 and 1971 samples were not strictly 
comparable, it appears that organochlorine residues in 
black duck eggs are now lower than those reported in 
1964. These lower residues may reflect the reduced use 





of DDT in urban and agricultural areas in the 1960's 
and discontinuance of the practice of spraying marsh- 
lands with DDT for insect control. In Arizona, reduc- 
tions in DDT and DDE residues have been noted in 
beef fat and alfalfa 2 years following a moratorium on 
DDT use (9). Similarly, dieldrin and DDE levels in shag 
eggs (Phalacrocorax aristotelis) collected between 1964 
and 1971 have declined significantly during this period 
in Eastern Britain following restrictions on pesticide use 
(10). 
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RESIDUES IN PPM, WET WEIGHT Basis! 





CLUTCH 4 
NEw JERSEY 


CLUTCH 3 
MASSACHUSETTS 


CLUTCH 2 
VERMONT 


I II I II I II 








p,p’-DDE 1.26 
p.p’-DDD 

p.p’-DDT 

Dieldrin 

Heptachlor epoxide 
Polychlorinated biphenyls 





























NOTE: ND = Not detected. 
T = trace = <0.05 ppm for DDE, DDD, DDT, and dieldrin; <0.01 for heptachlor epoxide; and <1.00 for PCB's. 
'Mirex was not detected in any egg. 
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Mercury, Lead, Cadmium, and Arsenic Residues 
in Starlings—1971 


William E. Martin’ and Paul R. Nickerson* 


ABSTRACT 


Starlings (Sturnus vulgaris) collected in 1971 at 50 sites 
throughout the contiguous United States were analyzed for 
mercury, lead, cadmium, and arsenic residues. Except for 
one sample containing 0.62 ppm, mercury levels were gen- 
erally well below 0.5 ppm with 76% at 0.05 ppm or less. 
Lead levels ranged from 0.12 to 6.6 ppm; cadmium residues 
ranged from “not detected” to 0.24 ppm with 72% at 0.05 
ppm or less; and arsenic levels were quite low with only one 
sample (0.21 ppm) exceeding 0.05 ppm. 


Introduction 


This report presents the 1971 residue findings for 
mercury, lead. cadmium, and arsenic in_ starlings 
(Sturnus vulgaris) collected at 50 of 53 preselected sites 
throughout the contiguous United States in November 
and December 1971. A description of this monitoring 
program and results of the 1970 collections analyzed 
for mercury and lead were reported by Martin (J): 
these 1970 results provide general baseline information. 
In 1971, cadmium and arsenic residue determinations 
were added and the number of sampling sites was in- 
creased from 25 to 53 (Fig. 1). 


Sampling Design and Collection Procedures 


Sampling site locations are shown in Fig. |. The 53 
sampling sites used in the 1971 collection include 25 
sites initially established in 1970 (/) to determine the 
suitability of starlings as indicators of envronmental lead 


! Division of Ecological Services, Bureau of Sport Fisheries and Wild- 
life, U.S. Department of the Interior, Twin Cities, Minn. 55111. 

2 Branch of Pesticide Appraisal and Monitoring, Division of Wildlife 
Services, Bureau of Sport Fisheries and Wildlife, U.S. Department 
of the Interior, Washington D.C. 20240. 
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residue levels, and 28 new sites selected to broaden the 
monitoring design (Fig. | and Table 1). The sites were 
chosen to reflect varying environmental conditions 
representing broad geographic areas and including dif- 
fering degrees of human activity and related pollution 
sources. In 1970, a larger sample was needed to assess 
quickly levels of mercury in starlings; therefore, the 
125 samples taken for organochlorine insecticide residue 
determination were also analyzed for mercury, as re- 
ported by Martin (/). In 1971, mercury analyses were 
included with the other heavy metals. 


Samples for heavy metal residue determination were not 
obtained from 3 of the 53 preselected sites (Albany, 
N.Y.; Worland. Wyo.: and southern Indiana) because of 
scarcity of starlings during the prescribed collection 
period. 


Each sample consisted of a “pool” of 10 starlings col- 
lected by means other than lead shot or poison. The 
10-bird pools were coded. wrapped in aluminum foil, 
placed in polyethylene bags. and frozen immediately for 
shipment to the laboratory for analysis. Collections were 
made by field personnel of the Division of Wildlife 
Services of the Bureau of Sport Fisheries and Wildlife. 


Analytical Procedures 


All residue determinations were done by the Section of 
Chemical Research and Analytical Services, Denver 
Wildlife Research Center, Colo., Bureau of Sport Fish- 
eries and Wildlife. Analytical methods were developed 
and/or refined by personnel of the Center. 


The birds were prepared by skinning and removing 
beaks. feet. and wings at the first joint out from the 
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FIGURE 1.—Starling monitoring sites—1971 


body. The removed parts were discarded, and each 
10-bird sample was ground together in a Hobart food 
chopper. Atomic absorption spectrophotometric methods 
yielded the followirg minimum levels of analytical 
sensitivity: mercury—0.01 ppm; lead—0.1 ppm: cad- 
mium—40.05 ppm; and arsenic—0.01 ppm. 


Two aliquots were taken from each 10-bird sample: A 
l-g aliquot was used for mercury determination via 
flameless atomic absorption (2). A 15-g aliquot was used 
for determination of arsenic, cadmium, and lead residues 
via acid digestion and atomic absorption (W. H. Robin- 
son, R. A. Wilson, M. Mohn, G. Ise, M. Robbin, and C. 
Church. 1972. Method of analyses for arsenic, lead, and 
cadmium from animal tissue, Denver Wildlife Research 
Center, personal communication). 


MERCURY ANALYSIS 


Mercury analysis was carried out using the method of 
Okuno, Wilson, and White (2). The 1-g aliquot of wet 
homogenized sample was desiccated over P.O, for 14 
hours. The dry sample then was burned with oxygen 
in a combustion flask, and the combustion products were 
collected in dilute HCl. After the acid solution was 
reduced with a 20% hydroxylamine hydrochloride solu- 
tion, the mercury was extracted from the solution by 
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amalgamating it onto a silver wire. The silver wire then 
was placed in an absorption cell of the spectro- 
photometer and heated, by its own electrical resistence, 
to volatize the mercury. Spectrophotometric responses 
were recorded, and micrograms of mercury in the 
samples were read from a standard curve. A fresh stand- 
ard curve for 0.001 to 0.2 wg mercury was prepared 
daily. 


Determination was made with a Jarrell-Ash Model 82- 
360 spectrophotometer fitted with a 10-mv_ percent 
absorption recorder. Instrument conditions were: 

Wavelength—253.7 nm 

Slit—100 wm 

Source—Hg hollow-cathode tube (type 22847) 

Air—2 liters/min 
The average recovery for the method (2) was 91.8% 
+ 11%, and the coefficient of variation was 16.9% as 
determined by tissue samples spiked with organic 
mercury compounds at levels of 0.01 to 1.0 ppm 
mercury. A coefficient of variation of 22.0% was found 
for 68 unspiked tissue samples. A coefficient of variation 
of 25.9% for the method was determined for 66 dupli- 
cates obtained from the 1971 starling and fish monitoring 
collections made by the Bureau of Sport Fisheries and 
Wildlife. The results of fish monitoring are reported 
separately. 
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TABLE 1.—Lead, mercury, cadmium, and arsenic residues in starlings, United States—1971 





Colorado 
Connecticut 
Delaware 
Florida 
Georgia 
Idaho 
Illinois 


Indiana 


Iowa 
Kansas 
Louisiana 
Maine 


Maryland 


Massachusetts 
Minnesota 
Michigan 
Mississippi 
Missouri 
Nebraska 
Nevada 


New Jersey 


New Mexico 


New York 


North Carolina 
North Dakota 
Ohio 
Oklahoma 
Oregon 


Pennsylvania 
South Carolina 
South Dakota 


City or CouNTY 


SAMPLING 
SITE 
NUMBER 


TYPE OF 
Site? 


RESIDUES IN PPM (WHOLE BODY, WET-WEIGHT) 





MERCURY 


LEAD 


CaDMIUM 


ARSENIC 








Mobile 
Phoenix 
Stuttgart 


Bakersfield 
Duplicate Analysis 

Los Angeles 

Sacramento 


Greeley 

Conn. River Valley 
Dover 

Gainesville 

Atlanta 

Boise 

Chicago 


Evansville 
Highland 


Des Moines 
Garden City 
Baton Rouge 
Gray 


Patuxent 
Duplicate Analysis 


Quincy 
Twin Cities 
Lansing 
Starkville 
Malden 
North Platte 


McGill 
Reno 


New Brunswick 
Duplicate Analysis 


Carlsbad 
Farmington 
Duplicate Analysis 


Albany 
Jamestown 


Raleigh 
Mandan 
Columbus 
Tishomingo 


Corvallis 
Wilsonville 


Pittsburgh 
Columbia 


Pierre 
Duplicate Analysis 





35 
15 





Cc 7 


cnn ap Ss Cp S.C a ee Se Se 


cpmpzrmrmRrrRracde am Cup wRPree¢de 


y ¢ 





0.07 
0.01 
0.06 


0.05 
0.05 
0.01 
0.04 


0.02 
0.03 
0.03 
0.21 
0.03 
9.07 
0.01 


0.02 





1.70 
1.80 
2.00 


0.64 
0.70 





<0.05 
0.11 
0.10 


0.24 
0.11 
0.06 
<0.05 


0.05 
<0.05 
0.09 
<0.05 
<0.05 
<0.05 
0.06 


<0.05 


0.05 





0.01 
0.01 
0.01 


0.02 
0.01 
0.02 
0.01 
0.01 
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TABLE 1.—Lead, mercury, cadmium, and arsenic residues in starlings, United States—1971—Continued 





City on COUNTY 


SAMPLING 
SITE 
NUMBER 


TYPE OF 
Site * 


RESIDUES IN PPM (WHOLE BODY, WET-WEIGHT) 





MERCURY LEAD CaDMIUM ARSENIC 





Tennessee 


Texas 


Utah 
Vermont 
Virginia 


Washington 


West Virginia 
Wisconsin 


Wyoming 


Nashville 


Hillsboro 
San Antonio 


Salt Lake City 
Champlain Valley 
Blacksburg 


Spokane 
Yakima 


Elkins 
Horicon 


Worland 


32 


22 
23 


12 
49 
44 


1 
2 


43 
25 
11 


7 CPR RPwrPwmeren GCG 











0.03 <0.05 0.01 


0.04 x <0.05 0.01 
0.03 / <0.05 0.02 


0.30 0.06 0.01 
<0.05 oe 
<0.05 


<0.05 
<0.05 


0.12 
<0.05 

















NOTE: Blank = no sample taken; — = not detected. 
1U = urban, suburban area; R = rural area. 


The method is reported to be capable of determining 
levels as low as 0.01 ppm from a 1.0-g sample. For this 
study, this was considered adequate; levels below 0.01 
ppm are reported only as being identified below that 
level. 


ARSENIC, LEAD, AND CADMIUM ANALYSES 


Digestion for Arsenic, Lead, and Cadmium 

The 15-g aliquot of the homogenized wet sample was 
placed in a Kjeldahl flask and digested wth 30 ml of a 
1:1 mixture of H,SO, and HNOs, adding additional 
HNO, as required to maintain an oxidizing condition. 
The digestion was continued until SO, (white) fumes 
appeared and the sample turned water clear upon cool- 
ing. Then, 10 ml of saturated ammonium oxalate solu- 
tion was added to the cooled sample, and it was reheated 
until SO, fumes were again evident. After the contents 
of the flask were again cooled, they were transferred to 
a 100-ml graduated cylinder and made to 60 ml with 
water rinsings from the flask. Four milliliters of this 
digest was equal to 1.0 g of the original sample. 


The digest was divided into a 10-ml (2.5 of the sample) 
aliquot for arsenic determination, a 40-ml (10.0 g of the 
sample) aliquot for lead and cadmium determination, 
and a 10-ml (2.5 g of the sample) aliquot was held in 
reserve. 


Arsenic Determination 

The method used for arsenic determination was a 
modification of other methods (W. H. Robinson et al., 
personal communication, 3-6). A 10.0-ml aliquot was 
placed in a reaction flask to which were added 1 ml of 
1% KI, 0.5 ml of 20% SnCl, in concentrated HCI, and 
10.0 ml of a 1:1 HCI-H,O solution. The mixture was 
allowed to stand for at least 10 minutes. A rubber 
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balloon containing 0.5 g of a 50:50 mixture of 20- and 
40-mesh arsenic-free zinc was attached to a standard 
taper male joint of the reaction flask. After flushing the 
system with helium for about 10 seconds, the zinc was 
added to the reaction flask by raising and shaking the 
balloon. The reaction was allowed to proceed for 5 
minutes. The contents of the reaction flask then were 
flushed into the burner of the spectrophotometer. 


Determination was made with a Jarrell-Ash Model 82- 
360 spectrophotometer fitted with a 10-mv percent 
absorption recorder and 10-cm slot burner. Results 
were quantitated using a standard curve prepared from 
known reference solutions of arsenic treated in the 
same manner as the sample digest. Instrument par- 
ameters were: 

Wavelength—193.6 nm 

Slit—4 

Lamp current—18-22 ma (normally at 20) 

Fuel—Hydrogen 

Oxidizer—Ambient air 

Carrier gas—Helium 
The average recovery for three sets of three samples 
spiked at 0.10 ppm, 0.25 ppm, and 0.50 ppm was 82% 
+ 8%. The average coefficient of variation for 39 fish 
and starling duplicate analyses was 18.6%. 


Lead and Cadmium Determination 

The method for determination of lead and cadmium 
was developed by the Denver Wildlife Research Center 
(W. H. Robinson ef al., personal communication). A 
40.0-ml aliquot of the digest was placed in a 250-ml 
beaker and made to 60 ml with distilled water. To this, 
15.0 ml of a 50% NaOH solution and 3 drops of a 1% 
Thymol blue aqueous solution were added. The pH was 
adjusted to 5-6 with dilute H.SO, and NaOH. The 
sample was then quantitatively transferred to a 250-ml 
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separatory funnel to which was added 10 ml of a 1% 
sodium diethyldithiocarbamate solution. After shaking, 
the stoppered container was allowed to sit for 10 minutes 
or more. Then, 10.0 ml of H.0-saturated methylisobu- 
tylketone (MIBK) was added, and the stoppered funnel 
was shaken for at least 2 minutes to extract the metals 
into the organic phase. The MIBK was then collected in 
a 16-by 125-mm culture tube and centrifuged if solids 
were present, prior to aspiration into the spectrophoto- 
meter. 


Separate determinations were made for lead and 
cadmium with a Perkin-Elmer Model 303 atomic ab- 
sorption spectrophotometer fitted with a 10-mv percent 
absorption recorder. Results were quantitated using 
standard curves prepared from known reference solu- 
tions (separate solutions for lead and cadmium) treated 
in a manner similar to the sample. 


Instrument parameters were: 
Lamp number 45488—Pb 

22933—Cd 

8 ma—Pb 

10 ma—Cd 

283.3 nm—Pb 

228.7 nm—Cd 

Fuel C,H, 


Silt 4 


Lamp current 


Wavelength 


Aspiration rate 4 ml/min 


The average recovery for three sets of three samples 


spiked with lead at 0.1 ppm, 1.0 ppm, and 5.0 ppm was 
109% + 33%. Average recovery for samples spiked 
with cadmium at 0.05 ppm, 0.25 ppm. and 0.50 ppm 
was 99% + 19%. The coefficients of variation .v/ere 
11.5% for 31 fish and starling duplicate lead analyses 
and 37.1% for 11 fish and starling duplicate cadmium 
analyses. 


Results and Discussion 
MERCURY 


In general, the 1971 residue levels of mercury in starl- 
ings appear to be quite similar to those reported for 
1970 even though the 1970 and 1971 sampling designs 
differed considerably (/). Uniformly low residue levels 
were found throughout the Nation except for a few 
sites (Table 1). Of the 50 samples analyzed. 38 had 
residue levels of 0.05 ppm or less: of the remaining 12, 
five exceeded 0.10 ppm: Florida—0.21 ppm; New 
Jersey—0.22 ppm: Utah—0.30 ppm: and 2 sites in 
Oregon—0.32 ppm and 0.62 ppm. As in 1970, the high- 
est residue levels were found in birds from Oregon. 


Other studies of mercury residues in various fish and 
wildlife species have revealed levels somewhat higher 
than those reported here which probably can be attri- 
buted to several factors including diet, food chain rela- 
tionships, sampling methods, and sampling period. 
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Wishart (7) reports considerable seasonal variation in 
mercury levels of Canadian pheasants. In early summer, 
shortly after mercury-treated seeds were available for 
ingestion by the birds, muscle residues averaged 0.45 
ppm; but by late September these had declined to less 
than 0.1 ppm, suggesting a relatively short retention 
of mercury in pheasants. 


LEAD 


Lead residues were found in varying amounts in all of 
the 50 survey samples analyzed (Table 1). Whole body, 
wet-weight residues ranged from 0.12 ppm at a rural 
site near Spokane, Wash., to 6.6 ppm in birds collected 
from Quincy, Mass., near Boston. As expected, birds 
from urban sites had the highest residue levels, reflect- 
ing greater exposure to both automotive and industrial 
contamination. A comparison of sites where birds were 
collected both in 1970 and 1971 indicates that the 1971 
figures are slightly lower in general. Crosschecks run 
by the two laboratories involved—Wisconsin Alumni 
Research Foundation in 1970 (/) and Denver Wildlife 
Research Center in 1971—suggest that the difference is 
probably due to analytical techniques and not to a 
reduced environmental burden of lead. 


CADMIUM 


Starlings were analyzed for cadmium residues for the 
first time in 1971; therefore, no comparative data are 
available. Residue levels ranged from <0.05 ppm 
(limit of sensitivity) to 0.24 ppm, with 14 of the 50 
samples exceeding 0.05 ppm (Table 1). While the levels 
reported here are low, it is known that a certain amount 
of environmental cadmium is available to starlings in 
some of the food they consume. For example, levels re- 
ported by Schroeder ef al. (&) in various grains ranged 
from 0.1 to 0.67 ppm. 


Previous studies of cadmium levels in wildlife reported 
levels in specific body organs rather than in the whole 
birds (8,9). Since kidneys and liver concentrate body 
cadmium, residue levels reported in earlier studies were 
higher than those reported here. Examples of levels 
reported for animal kidneys are: deer 2.8-13.7 ppm, 
coyote 0.36 ppm, and starling 1.0 ppm. Reported liver 
residue levels are: ruffed grouse 0.88 ppm, squirrel 0.73 
ppm. and domestic dog 0.59 ppm. Residue levels re- 
ported in seafood (including fish, crustaceans, and shell- 
fish) ranged from .08 to 3.66 ppm. Mollusks appear to 
be particularly efficient at concentrating cadmium as 
both fresh and frozen oysters were reported to contain 
levels exceeding 3.0 ppm (8,9). 


ARSENIC 


As with cadmium, arsenic was included in the analyses 
for the first time in 1971. Arsenic residue levels generally 
were low. except for the sample from Michigan which 
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contained 0.21 ppm (Table 1). Remaining samples had 
residues of 0.04 ppm or less, with no residues detected 
in eight of these samples. Arsenic residues in urban soil 
samples around the country have been reported as high 
as 74.5 ppm (0), but apparently this arsenic either is 
unavailable to starlings or is ingested ‘n a form which 
is not retained in the body of this species. It is known 
that the pentavalent form of arsenic is eliminated from 
human beings by excretion as rapidly as it is ingested. 
Trivalent arsenicals accumulate in human tissue, but 
there is very little contamination of the environment by 
this type (//). 
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PESTICIDES IN WATER 


Pesticides in Selected Western Streams—1968-7] ' 


Jean A. Schulze, Douglas B. Manigold, and Freeman L. Andrews 


ABSTRACT 


This paper presents data from the U.S. Geological Survey 
program for monitoring pesticides in the streams of the 
Western United States for the period October 1968 to Sep- 
tember 1971. Data for the previous 3 years of the study 
were published in earlier issues of the Pesticides Monitoring 
Journal (3, 8). 


Compounds determined include the common chlorinated 
insecticides and herbicides. Heptachlor and its epoxide were 
not detected during the 3-year period, and aldrin was found 
only once. DDT was the most frequently occurring insecti- 
cide, and 2,4,5-T the most common herbicide. The amounts 
observed were small; the maximum concentration of an 
insecticide was 0.46 yug/liter for DDT, and of an herbicide 
0.99 g/liter for 2,4-D. Concentrations were highest in 
water samples containing appreciable amounts of suspended 
sediments. Graphs are included to show insecticide and 
herbicide occurrences for the 4-year period (October 1967- 
September 1971) during which all 20 monitoring stations 
have been in operation. 


Beginning in July 1970, the phosphorothioate insecticides 
—parathion, methyl parathion, malathion, and diazinon— 
were determined monthly on all samples. Malathion was not 
found during this period. Polychlorinated biphenyl (PCB's) 
compounds which were monitored for beginning in October 
1969 were also detected at two stations. 


Introduction 


Data from the U.S. Geological Survey's pesticide 
monitoring program for the Western United States have 
been previously reported in this Journal (3,8). This paper 
presents data collected from October 1968 through 
September 1971 for the same 20 stations. The pesticides 
monitored include the chlorinated insecticides and her- 


' Water Resources Division, U.S. Geological Survey, U.S. Department 
of the Interior, Austin, Tex. 78701. (Publication authorized by the 
Director, U.S. Geological Survey.) 
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bicides previously reported, as well as chlordane and 
toxaphene. From January to June 1970, samples were 
analyzed quarterly for the phosphorus insecticides— 
methyl parathion, parathion, and diazinon. Beginning in 
July 1970, the samples were analyzed monthly for these 
compounds and also for malathion. Beginning in October 
1969, the samples were analyzed routinely for polychlo- 
rinated biphenyl (PCB’s) compounds. 


Data Collection Sites 


Each of the 20 sampling stations is a designated or 
operated U.S. Geological Survey irrigation-network 
location where inorganic water-quality and stream- 
discharge data are available. These stations are listed in 
Table 1 and their locations are shown in Fig. 1. His- 
torical hydrologic and inorganic data for all 20 stations 
are available from U.S. Geological Survey offices in the 
respective States. 


Sampling Procedures 


Samples were collected in !-quart Boston round glass 
bottles sealed with a Teflon-lined screw cap. These 
narrow-mouth bottles made possible the collection of 
depth-integrated samples. Two bottles were collected 
at each station; the contents of one was used for in- 
secticide analysis and the other for herbicide analysis. 


A duo-pak container, consisting of a form-fitting ex- 
panded polystyrene case placed in a corrugated card- 
board carton, was used for mailing the samples and for 
protecting the bottles from frost, light, and shock. The 
package is compact and light weight, and very little 
breakage occurred. The samples were transported by 
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TABLE 1.—Pesticide-monitoring stations in Western 
United States 





GEOLOGICAL 
SURVEY 
STATION 
NUMBER 


PESTICIDE 
ANALYSIS 
STARTED 
(Date) 


STREAM AND LOCATION 





6-2145 
6-4760 
6-7660 
6-8070 
7-1305 


10-11-67 
10-31-67 
10-18-67 
10-18-65 
10-16-65 


Yellowstone River near Billings, Mont. 
James River at Huron, S. Dak. 

Platte River at Brady, Nebr. 

Missouri River at Nebraska City, Nebr. 


Arkansas River below John Martin 
Reservoir, Colo. 


Canadian River near Whitefield, Okla. 
Arkansas River at Van Buren, Ark. 
Brazos River at Richmond, Tex. 
Colorado River at Wharton, Tex. 

Pecos River near Artesia, N. Mex. 

Rio Grande below Anzalduas Dam, Tex. 
Green River at Green River, Utah 11-22-67 
Gila River below Gillespie Dam, Ariz. 11-21-67 


Colorado River (Yuma Main Canal) below} 10-12-65 
Colorado River Siphon, at Yuma, Ariz. 


Humboldt River near Rye Patch, Nev. 
Feather River near Oroville, Calif. 
Sacramento River at Verona, Calif. 
Yakima River at Kiona, Wash. 

Snake River at King Hill, Idaho 
Columbia River at The Dalles, Oreg. 


7-2450 
7-2505 
8-1140 
8-1620 
8-3965 
8-4692 
9-3150 
9-5180 
9-5255 


12-13-67 
10-21-65 

2-01-66 
10-22-65 
11-02-67 
10-15-65 


10-3350 
11-4070 
11-4255 
12-5105 
13-1545 
14-1057 


10-17-67 
10-31-67 
11-29-65 
10-11-65 
10-17-65 
10-27-65 











airmail because herbicides, particularly 2,4-D, can de- 
compose quite rapidly (4). The average time from 
sampling to receipt of the sample at the laboratory was 
3 days. 


Analytical Procedures 


Analytical procedures were essentially the same as pre- 
viously reported (8). Upon receipt of *+e sample, one 
bottle was designated for insecticide analysis and the 
other for herbicide analysis. The herbicide sample was 
acidified, and the bottles were then refrigerated until ex- 
traction was begun. No attempt was made to separate 
suspended sediment from the water for a separate 
analysis. 


Insecticide samples were analyzed, together with a 
reagent blank, by the U.S. Geological Survey method 
described by Goerlitz and Brown (6) and summarized 
below. The entire sample (800-900 ml) was extracted 
with redistilled hexane and the extracts dried over 
anhydrous sodium sulfate before concentration to 2 
ml in a Kuderna-Danish concentrator. From January 
to July 1970, samples were checked quarterly for several 
phosphorus pesticides using electron-capture detectors. 
Beginning in July 1970, a Tracor flame photometric 
detector was used in the phosphorus mode (526 nm 
filter) to screen the extracts prior to cleanup. The flame- 
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photometric detector was mounted on a MicroTek 220 
equipped with two 44” x 6’ pyrex columns packed 
with 3% OV-1 and 5% OV-210 as described by Bow- 
man and Beroza (2). 


After analysis for the phosphorothioate compounds, 
alumina cleanup, as described by Law and Goerlitz (7), 
was used before electron capture analysis. Occasional 
sulfur interference was eliminated by adding metallic 
mercury (5). Chlorinated insecticides were analyzed on 
both a Varian Model 200 dual-column chromatograph 
and a MicroTek Model 160. The columns used in the 
Varian instrument were %” x 5’ pyrex. One was packed 
with 3% OV-101 and the other with a mixed column 
made up of equal weights of 3% OV-1 and 5% OV- 
210 both on 100/120 mesh Gas Chrom Q. The 4” x 5’ 
pyrex column in the MicroTek instrument was packed 
with the mixed OV-1/OV-210 phase. 


Any pesticides suspected on one column were confirmed 
on the other column prior to reporting. When PCB 
compounds were suspected, they were verified by their 
elution pattern on an alumina cleanup column and the 
peak ratios were compared with a standard of the 
suspected compound to determine the presence or ab- 
sence of the DDT family. After January 1971, the silicic 
acid cleanup method of Armour and Burke (/) was used 
on each sample suspected of containing PCB’s. 


Recovery data, as determined by extracting distilled 
water to which acetone solutions of insecticides had been 
added, ranged from 85 to 110%. No recovery correc- 
tions were made because most of the values reported 
were slightly above the lower detection limits of 0.005 
ug/liter for most of the chlorinated compounds; chlor- 
dane was detectable to about 0.1 ug/liter, and toxaphene 
to 0.5 to 1.0 ug/liter. The phosphorus compounds could 
be determined to 0.01 ug/liter. 


Herbicide samples were analyzed in sets of eight, along 
with a reagent blank, according to the method described 
by Goerlitz and Brown (6). Each acidified sample (800- 
900 ml) was extracted with redistilled ethyl ether. The 
extract was saponified using potassium hydroxide, and 
this basic solution was subjected to a cleanup extraction 
using ether to remove organic contamination which may 
have been present in the original sample. After the 
cleanup extraction, the solution was acidified and the 
phenoxy acid herbicides were extracted with ether. This 
extract was allowed to dry over acid sodium sulfate, the 
ether evaporated, and the herbicides esterified with 
boron trifluoride-methanol reagent. 


After esterification, the samples were passed through a 
Florisil cleanup column, and the herbicide methyl esters 
eluted with benzene to a final volume of 2.0 ml. Herbi- 


PESTICIDES MONITORING JOURNAL 








y SACRAMENTO 


o 
s 





EXPLANATION 


AR. of are et eeege Geer 
@ 8. 
Pesticide station in operation, 1965-71 
@ 8-3965 
Pesticide station in operation, 1967-71 


100 fe) 
eae 





SOO MILES 
j 








8-4692 
necpceeine 





FIGURE 1.—Pesticide-monitoring stations in Western United States 


cide methyl esters were analyzed on a dual-column 
Varian Model 200 chromatograph. One column was 
packed with 9% DC-200 and 1% Carbowax 20M on 
60/80 mesh Gas Chrom Q and the other column was 
packed with 10% QF-1 and 0.5% Carbowax 20M on 
60/80 mesh Chromosorb W. 


Herbicide concentrations could be routinely determined 
as low as 0.005 ug/liter in most waters, with the excep- 
tion of 2,4-D which was detectable to a level of 0.02 
ug/liter. Spiked samples were used io check the entire 
extraction and cleanup procedures and recovery ranged 
from 85 to 110%. No corrections for recovery were 
made. 
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Discussion of Results 


Results of analyses of water samples for the 3-year 
period—October 1968 to September 1971—are given in 
Table 2; the number of occurrences at each station of 
pesticides analyzed for during this entire period are 
given in Table 3. Heptachlor and its epoxide were not 
detected and aldrin was found only once during the 3- 
year period. 


Samples from Yellowstone River near Billings, Mont., 
contained no insecticides. Six other streams were posi- 
tive only once for the chlorinated insecticides, and five 
of these six streams showed no phosphorus compounds 
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during the final year. Pesticide concentrations were 
never in excess of the permissible limits established for 
public water supplies by the National Technical Ad- 
visory Committee to the Secretary of the Interior (9), 
although in several instances concentrations were meas- 
ured that were above the environmental levels of 0.05 
ug/liter recommended for marine or estuarine waters. 


The highest concentration of insecticide observed was 
0.46 ug/liter DDT in the November 1968 sample from 
Pecos River near Artesia, N. Mex., the allowable limit 
for DDT in public drinking-water supplies is 42 ug/liter. 


Every station had occurrences of herbicides, but Green 
River at Green River, Utah, had only one occurrence. 
The highest concentration of herbicide found was 0.99 
“g/liter of 2,4-D in the sample from Feather River near 
Oroville, Calif., in December 1969. The established 
criteria permit 100 ug/liter of the three herbicides com- 
bined in public drinking water supplies. 


The total occurrences of chlorinated insecticides with 
the occurrence of DDT and its metabolites, DDD and 
DDE, for the period October 1967 to September 1971 
are compared in Fig. 2. The data show that total occur- 
rences of insecticides have declined since 1968 (Fig. 2). 
Occurrences of the DDT family of insecticides also de- 
creased, and the ratio between the DDT family and all 
insecticides declined from 82% in 1968 to 65% in 1971. 
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FIGURE 2.—Occurrences of chlorinated insecticides by year, 
October 1967 to September 1971 
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It should be noted that 36% of all insecticide occurrences 
and 33% of the occurrences of the DDT family insec- 
ticides were at one site: Gila River at Gillespie Dam, 
Ariz. 


The occurrences of the three phenoxy acid herbicides for 
all 20 stations by year for the period October 1967 to 
September 1971 are shown in Fig. 3. Total occurrences 
reached a peak of 106 during 1968-69 and declined 
sharply to 54 during 1970-71. This decrease of about 
50% was due to reduced occurrences of 2,4-D and 
2.4,5-T. 


Silvex occurrences did not change significantly over the 
4-year period, and of the total silvex occurrences, 64% 
were detected at one station—Humboldt River near Rye 
Patch, Nev. Of the total 2,4,5-T occurrences, 47% were 
detected at two stations—Arkansas River at Van Buren, 
Ark., and Canadian River near Whitefield, Okla. The 
Canadian River is a tributary of the Arkansas River 
approximately 88 river miles upstream from the Van 
Buren site. 


See Appendix for chemical names of compounds discussed in this paper. 
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FIGURE 3.—Occurrences of herbicides by vear, October 1967 to September 1971 


TABLE 2.—Pesticide content of selected streams in Western United States 


October 1968-September 1971, samples analyzed for aldrin, DDD, DDE, DDT, dieldrin, endosulfan, endrin, heptachlor, h. epoxide, 
lindane, chlordane, toxaphene, 2,4-D, silvex, and 2,4,5-T 

Beginning October 1969, samples analyzed for PCB’s 

January 1970-June 1970, samples analyzed quarterly for methyl parathion, parathion, and diazinon 

Beginning July 1970, samples analyzed monthly for methyl parathion, parathion, diazinon, as well as malathion 





INSTAN- INSTAN- 
TIME | TANEOUS TIME TANEOUS 

(24 Dis- RESIDUES IN “G/LITER (24 Dis- RESIDUES IN “G/LITER 
Hour) CHARGE Hour) CHARGE 
(CFS) (CFS) 








USGS NO. 6-8070 ‘MISSOURI RIVER AT USGS NO. 6-8070 MISSOURI RIVER—Continued 
NEBRASKA CITY, NEBR. sahees 


————— — an 12/30/69 | 1300 | *20000 | .05 (2,4-D) 


01/26/70 | 1100 | 119000 | .01 (DDT); .01 (Lindane); 
10/16/68 | 1410 | 36100 aed es GAD) ( 


11/13/68 1250 37400 
12/11/68 1105 21000 








eisnree | 100 | seme | 134m 02/24/70 =| 1100 | 36600 | .03 (2,4-D); .01 (2.4,5-T) 
aa. t in t ae 03/12/702| 1300 | 33600 
, 04/08/70 | 1400 | 43900 | .06 GAD) 
05/22/70:| 1105 | 37900 | .01 (Dieldrin) 
03/26/69 | 1300 | 55600 ‘ i 
04/11/69 | 1430 | 99000 | .01 (DDT); .02 (Dieldrin) 06/09/70 2) 1130 | 40000 | .06 (2,4-D); .01 (2,4,5-T) 
05/14/69 | 1300 | 50600 | .01 (DDT) : 
06/20/69 | 1300 | 42100 | .20 (2,4-D) o7//7 5 1100 42400 03 (2,4-D) 
11 - i . 
aperadied | OF eae 09/17/70} 1100 | 47200 | .01 (DDD); .01 (DDT) 
09/30/69 | 1110 | 55600 | .01 (DDD); .01 (DDT); 10/27/70} 1430 | 50000 
01 (Dieldrin) 11/16/70*| 1300 | 49200 
10/21/69 | 1000 | 50000 
11/28/69 | 1030 |° 39400 12/22/7032} 1600 | 21400 
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TABLE 2.—Pesticide content of selected streams in Western United States—Continued 





INSTAN- INSTAN- 
TIME TANEOUS TANEOUS 
(24 Dis- RESIDUES IN “G/LITER Dis- RESIDUES IN “G/LITER 
Hour) CHARGE CHARGE 
(CFs) (CFs) 





USGS NO. 6-8070 MISSOURI RIVER—Continued O. 6-4760 JAMES RIVER—Continued 





01/22/712} 1130 20000 | .01 (Lindane); .04 (2,4-D) 11/12/69 174 | .03 (2,4-D) 
02/11/713| 1430 20500 12/02/69 93 | .07 (2,4-D) 
03/16/713| 1315 54500 | .01 (DDT); .01 (Dieldrin) 
04/08/7123} 1030 47800 01/09/70 290 | .0S5 (2,4-D) 
02/18/70 40 
06/29/71°| 1100 58000 | .05 (Diazinon) 03/12/70 2 685 | .19 (2,4-D) 
07/16/71 °| 0930 57300 | .01 (Dieldrin); .10 (2,4,5-T) 04/09/70 133 | .06 (2,4-D) 
08/05/71°| 1655 52000 | .07 (2,4-D); .01 (Silvex) 05/26/70 = 357 | 05 (2,4-D) 


09/14/713| 1130 49200 
06/24/70 243 «| .39 (2,4-D) 


07/16/70 = 41 38 (2,4-D) 
6-2145 YELLOWSTONE RIVER NEAR 08/12/7023 14 (2,4-D) 


BILLINGS, MONT. 09/17/70 3 -11 (2,4-D) 
. 10/13/70 3 .04 (2,4-D) 








10/07/68 11/17/70 8 40 (2,4,5-T) 


11/06/68 12/30/70 8 
12/04/68 03/01/71 2 


01/10/69 05 (2,4-D); .01 (2,4,5-T) 03/16/71 3 “T O1 Lindane) 
02/11/69 99/30/71 8 ’ 














03/10/69 
04/09/69 USGS NO. 6-7660 PLATTE RIVER AT BRADY, NEBR. 
05/05/69 = 
06/12/69 
07/15/69 10/04/68 | 1405 
11/03/68 | 1110 
08/05/69 4 12/02/68 | 1345 21 (2,4-D) 
09/11/69 01/07/69 | 1550 
10/14/69 02/06/69 | 1400 
11/11/69 
12/08/69 03/04/69 | 1510 09 (2,4-D); .02 (2,4,5-T) 
04/01/69 | 1325 
01/07/70 05/06/69 | 1315 
02/09/70 06/02/69 | 1415 
03/10/70 2 42 (2,4-D) 07/10/69 | 1550 03 (Silvex) 
04/13/70 
05/04/70 2 08/15/69 | 1105 
09/26/69 | 1445 
06/03/70 10/23/69 | 1530 
07/14/70 2 11/20/69 | 1330 
08/03/70 2 12/12/69 | 1440 
09/01/70 3 
10/06/70 3 01/26/70 1800 06 (2,4-D) 
02/20/70 | 1 

11/02/70 3 03/13/702 | 1505 
11/30/70 # 04/17/70 | 1500 
01/21/71 3 05/14/702 | 1515 
02/09/71 8 
03/02/71 8 06/18/70 | 1130 
07/20/702 | 1630 
04/05/71 8 08/17/7032 | 1430 
05/10/71 3 09/21/7032 | 1445 
06/08/71 3 24600 10/19/70 ® 
07/08/71 2 
08/10/71 3 8990 11/17/70 3 01 (DDT) 
12/16/70 # 
09/02/71 3 7500 01/20/71 3 
02/26/7132 | 1450 


USGS NO. 64760 JAMES RIVER AT HURON, S. DAK. 03/17/71 * 


33 04/15/713 | 1500 
10/31/68 | 0820 16 (2,4-D) 06/18/71 3 
221/68 oo re ot pln At 1330 
12/27/68 | 1515 43 (2,4-D); .17 (2,4,5-T) ; 

01/27/69 | 1330 09/23/7132 | 1430 
02/25/69 | 0900 














USGS NO. 7-1305 ARKANSAS RIVER BELOW JOHN 

03/18/69 | 1520 01 (Lindane) MARTIN RESERVOIR, COLO. 

04/25/69 | 1025 15 (2,4-D) 

05/22/69 | 1335 14 (2,4-D) 

06/16/69 | 1130 01 Lindane); .13 (2,4-D); 10/24/68 106 

01 (2,4,5-T) 11/20/68 26 
1 





03 (Silvex) 


07/28/69 | 1330 11 (2,4-D) 12/26/68 
01/08/69 
08/18/69 | 1440 02/04/69 
09/15/69 04 (2,4-D) 

10/14/69 26 (2,4-D) 03/10/69 2.6 


0 
71} 02 (DDD); .02 (2,4,5-T) 
2.3 
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TABLE 2.—Pesticide content of selected streams in Western United States—Continued 








INSTAN- INSTAN- 
TIME TANEOUS TIME TANEOUS 
(24 Dis- RESIDUES IN “G/LITER (24 Dis- RESIDUES IN “G/LITER 
Hour) CHARGE Hour) CHARGE 
(CFS) (CFs) 








USGS NO. 7-1305 ARKANSAS RIVER-—Continued USGS NO. 7-2505 ARKANSAS RIVER—Continued 








04/01/69 +} 0830 1.8 12/16/70 # 
06/03/69 1600 485 | .14 (2,4-D) 01/13/71 03 (2,4,5-T) 
07/07/69 1030 01 (Lindane) 02/11/71 2 
08/19/69 0905 02 (DDT); .02 (Dieldrin) 03/18/71 3 


04/14/71% 0900 01 (2,4,5-T); .02 (Diazinon) 
09/09/69 1330 .01 (DDD); .02 (DDE); .05 (DDT); 
01 (Dieldrin); .04 (Lindane) 05/12/71 8 01 (2,4,5-T)) 
10/06/69 0915 01 (Dieldrin) 06/16/71 * 01 (2,4,5-T) 
11/03/69 1555 e 07/23/71 8 01 (2,4,5-T) 
12/10/69 1240 J 08/18/71 3 02 (2,4,5-T) 
01/06/70 1540 J 10/01/71 ® 15900 | .03 (2,4,5-T) 


02/05/70 1025 
03/09/70 =| 0900 i 
04/07/70 1415 3 | .02 (Lindane) 
05/05/70} 1020 840 55 
05/14/70 = 1250 01 (DDT); 03 (2,4-D); 02 (2,4,5-T) 10/22/68 0715 04 (Silvex); 05 (2,4,5-T) 

: 11/19/68 0750 15 (2,4-D); .05 (2,4,5-T) 
97/07/10 ists 01 (DDD); .01 (DDT): a i = os 
/ 5 : A ae Tey ); 01/22/69 1030 02 (DDD); .15 (2,4-D); .09 (2,4,5-T) 
ceiairenel some 02/27/69 1700 04 (2,4,5-T) 


09/10/702| 0950 % 
10/06/70*| 0835 .01 (Dieldrin) pion pane re yet 
i 05/15/69 0750 04 (2,4,5-T) 
rte i rn 06/19/69 0710 04 (2,4,5-T) 
py haf , 07/25/69 1330 03 (2,4,5-T) 
02/02/71] 1040 ; 08/27/69 1420 01 (DDT); .03 (2.4,5-T) 
03/02/71 *} 1020 ; 09/25/694 1400 
10/30/69 1425 02 (2,4,5-T) 
04/02/71°) 1530 01 (2,4,5-T) 11/26/69 1430 03 (2,4,5-T) 
05/11/71°| 1430 12/16/69 1300 
06/16/71] 1430 
07/07/713| 1615 02/26/702 1100 04 (2,4,5-T) 

08/10/71°| 1300 01 (DDE) 03/24/702 1130 01 (DDT); .02 (2,4,5-T) 
04/21/702 1130 03 (2,4,5-T) 

09/09/71} 0930 04 (2,4-D) 05/27/702 1300 02 (2,4,5-T) 

af rs 06/25/70 1200 03 (2,4,5-T) 


USGS NO. 7-2505 ARKANSAS RIVER AT VAN BUREN, ARK. 
(Beginning December 1970, samples collected at Lock and Dam 13. 08/27/7032 1330 03 (2,4,5-T) 


below Fort Smith, Ark.) 09/29/70 1100 68 O01 (2,4,5-T) 
ade ARE ae oa ene oe 11/30/70 1100 
sisinsea le Reals 12/22/70% 1400 02 (2,4,5-T) 
11/14/68 15400 
/sayee pi ame 01/20/71" 1435. | 10600 | .03 (2,4,5-T) 

01/07/69 48300 | .08 (DDD); .08 (2,4-D); .05 (2,4,5-T) o2/ee/7i* = 1500 SS 1 ee ee 


: i 03/17/71 1430 6480 | .01 (Lindane) 
bac eed Fone. cg Sees ee Oe 04/20/71" 1400 6180 | .01 (2,4,5-T); .01 (Diazinon) 


03/19/69 23000 05/12/71* 1500 150 | .01 (2,4,5-T) 


04/10/69 50400 . 
05/08/69 77800 | .02 (2,4,5-T) 07/14/71% = 1515 705 


06/10/69 59700 |.07 (2,4-D); .07 (2,4,5- 08/18/71° 1330 150 
aan 32300 oa ge G GAS) 09/08/71= 1400 1500 09 (DDT); .02 (2,4,5-T) 











USGS NO. 7-2450 CANADIAN RIVER NEAR 
WHITEFIELD, OKLA. 




















07/29/702 1045 03 (2,4,5-T) 








08/14/69 18600 |.03 (2,4,5-T) USGS NO. 8-1140 BRAZOS RIVER AT RICHMOND, TEX. 
09/17/69 15800 |.02 (2,4,5-T) 2 Ue a aa eae eee eee 
10/14/69 57100 |.01 (DDD); .02 (DDT); 
01 (Lindane); .05 (2,4,5-T) 10/07/68 1330 3 01 (DDD); .01 (DDE); .01 (DDT); 
11/20/69 16800 |.02 (2,4,5-T) 02 (2,4,5-T) 

12/16/69 8900 11/26/68 1245 .01 (DDE); .01 (DDT) 

12/23/68 1210 .01 (DDE); .01 (DDT) 

01/23/70 14600 |.01 (DDD); .09 (DDT 01/28/69 1320 
02/17/70 6140 05 ODT, 01 Gas) 03/13/69 1115 .01 (DDD); .02 (DDE); .04 (DDT): 
03/13/70 = 17600 02 (2,4,5-T) 

04/17/70 53100 |.01 (DDT); .01 (Dieldrin) ; 
03 (2,4-D); .02 (2,4,5-T) 04/18/69 0925 01 (DDD); .05 (DDE); .04 (DDT); 
06/17/70 43600 | .06 (2,4-D); .06 (2,4,5-T) .18 (2,4-D); .04 (2,4,5-T) 

07/17/70 = 14600 |.01 (DDE); .05 (DDT); .02 (2,4,5-1) 06/06/69 1415 05 (2,4-D); .02 (2,4,5-T) 

06/13/69 1320 06 (2,4-D); .02 (2.4,5-T) 

08/17/7032} 0905 1570 |.06 (DDT); .02 (2,4,5-T); 07/22/69 1115 
.07 (Diazinon) 08/19/69 1345 
09/18/702| 1010 16000 |.02 (2,4,5-T) 

10/13/70* | 1335 44400 |.05 (DDT); .06 (2,4,5-T) 10/09/69 1400 
11/18/702 | 1000 17900 |.01 (DDT) 10/20/69 1115 
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TABLE 2.—Pesticide content of selected streams in Western United States—Continued 








INSTAN- INSTAN- 
TIME | TANEOUS TIME TANEOUS 
(24 Dis- RESIDUES IN “G/LITER ; (24 Dis- RESIDUES IN “G/LITER 
Hour) CHARGE Hour) CHARGE 
(CFS) (CFS) 

















USGS NO. 8-1140 BRAZOS RIVER—Continued USGS NO. 8-4692 RIO GRANDE BELOW 
ANZALDUAS DAM, TEX. 
10/27/69 1110 1310 01 (2,4,5-T) eRe er eagS yo Taek OT: © Eas cae 9 ag 


12/04/69 1110 1510 10/15/68 .01 (DDE) 
02/19/70 | 1230 4610 | .01 (2,4,5-T) 11/20/68 02 (Silvex) 


03/19/702 | 1605 21600 | .03 (DDD); .04 (DDE); .08 (DDT); ica 
04 (2,4-D); .02 (2,4,5-T) pe ma 
04/29/70: | 1640 11100 | .01 (DDD); .01 (DDE); .01 (DDT); 

O1 (2,4,5-T) 03/13/69 
05/18/70 2 2070 | .06 (2,4-D); .01 (2,4,5-T) ovine 
06/01/70 16400 | .03 (DDD): .04 (DDE); .06 (DDT); 05/15/69 01 (DDE) 
.01 (Lindane); .07 (2,4-D); 06/19/69 


01 (2,4,5-T) 07/16/69 02 (DDD); .01 (DDE); .01 (DDT); 
.01 (Lindane) 





06/23/70 | 1415 
07/16/702 | 1425 08/27/69 
08/18/702 | 1130 2 (PCB’s) 09/18/69 
08/19/7024] 1330 10/13/69 
11/03/70 | 1315 01 (DDE); .02 (2,4,5-T); .3 (PCB's) 11/18/69 
12/17/7032 1430 02 (Dieldrin); .5 (PCB’s) 12/17/69 


01/26/71 * 1510 7 02 (DDT) 
02/17/71 34 1500 595 | .1 (PCB's) poh a ( 


04/07/71* | 1330 510 | .01 (2,4,5-T) €0/14/78* 
06/15/71 | 1315 625 | .06 (DDE); .39 (DDT) pripie yh 
06/16/71* | 1315 940 | .2 (PCB's) 05/11/70 2 01 (DDE); .01 (2,4,5-T) 
07/21/71 | 1600 575 cities 
08/18/71 | 1100 1630 07/16/70 100 | .01 (DDD); .01 (DDE);.01 (DDT); .23 
08/18/71 ° 1445 1590 O1 (DDE); 01 (DDT) ; (Methly parathion; 1.0 (Parathion) 
.01 (Dieldrin); .4 (PCB’s) 08/19/70*| 0900 


09/24/71? | 1355 1280 10/13/70] 0800 125 
— .---__+_ --__1... ---—_-- — --— 11/16/70*| 1045 400 
USGS NO. 8-1620 COLORADO RIVER AT WHARTON, TEX. 

ee 5" 5. are we a SRS 12/18/708| 1115 600 
3 01/15/713| 1210 2200 

10/01/68 1400 579 02/26/71*| 1105 1040 

12/19/68 1215 680 02 (2,4,5-T) 03/17/71°| 1025 1100 

01/21/69 1440 845 | .03 (DDD) 04/16/71 3| 1135 200 

03/05/69 1255 1430 | .01 (Aldrin); .01 (DDT): 

.01 (Dieldrin) 05/20/71] 0945 2200 

04/23/69 0745 3870 | .01 (DDE); .02 (DDT); .01 (2,4,5-T) 06/17/71} 0800 3000 

07/19/71] 0955 400 | .01 (2,4,5-T) 

06/04/69 0950 2050 .04 (DDT); .03 (2,4,5-T) 08/12/71 2 1020 10 


06/13/69 1045 1380 01 (2,4,5-T) 10/15/71*| 1155 41200 | .02 (DDE) 


07/09/69 0950 1150 ‘ FEC wae — ———_— 
08/21/69 1745 900 02 (DDT); .01 (Lindane) 
10/09/69 1200 395 USGS NO. 8-3965 PECOS RIVER NEAR ARTESIA, N. MEX. 








10/20/69 0930 2980 
10/29/69 | 1610 2520 | .01 (DDD) 10/01/68 = | 1340 3.8 
01/14/70 | 1630 3280 01 (Linden) 

02/19/70 | 1045 2020 12/02/68 | 1225 45 | .15 (2,4-D) 

01/03/69 © 1145 42 10 (2,4-D); .05 (2,4,5-T) 

03/19/70 = 1400 01 (DDD); .01 (DDE); .03 (DDT): 02/04/69 1225 40 
05 (2,4-D) 
04/29/70 = 01 (DDT) 03/03/69 1225 36 | .02 (Chlordane) 
05/18/70 = .02 (DDD); .02 (DDE); .03 (DDT): 04/01/69 1230 787 
.40 (2,4-D); .06 (2,4,5-T) 05/01/69 1345 33 
06/23/70 06/02/69 1045 12 
07/16/70 = 07/01/69 1320 646 
pods da a 08/01/69 | 1045 6.4 
09/11/70 3 09/02/69 1250 230 | .02 (DDT) 
10/27/70 2 01 (2,4,5-T) 10/01/69 1345 101 ” 
12/17/70 3 2 sa 11/04/69 1410 157 | .01 (Dieldrin); .02 (Lindane) 
_ 12/01/69 1140 78 
01/28/71 
02/17/71 8 04 (2,4,5-T) 01/02/70 1345 01 (Lindane) 
04/07/71 * 02/02/70 1305 
06/03/71 8 03/02/702 | 1310 01 (Lindane); .08 (Methy! parathion) 
06/15/71 04/01/70 1240 
nnn 05/01/702 | 1115 


07/21/71 06/01/70 | 1345 
08/18/71 3 07/01/7024] 1150 
08/18/71 ® 08/03/70? | 1430 
09/21/71 2 09/01/70 2 | 1240 01 (DDT) 
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TABLE 2.—Pesticide content of selected streams in Western United States—Continued 


INSTAN- INSTAN- 
TIME | TANEOUS TIME TANEOUS 

(24 Dis- RESIDUES IN “G/LITER (24 Dis- RESIDUES IN uG/LITIR 
Hour) | CHARGE Hour) CHARGE 
(crs) (CFS) 

















USGS NO. 8-3965 PECOS RIVER—Continued USGS NO. 9-3150 GREEN RIVER—Continued 








10/01/70 * 1400 05/12/69 1645 19600 
06/10/69 1320 9550 
11/02/70 * 1315 07/03/69 1100 9690 
12/02/70? | 1230 
01/04/71 * 1430 08/14/69 1230 4590 
02/01/71 # 1245 09/17/69 1340 4210 
03/01/71 8 1245 01 (Silvex) 10/08/69 1105 3080 
11/13/69 1155 3800 
04/01/71 8 1215 .2 | .01 (Silvex); .04 (2,4,5-T) 12/11/69 1650 3540 
05/03/71 2 1145 
06/01/71 2 1330 01/08/70 1350 2740 
07/01/71 | 1230 96 02/06/70 1520 2520 
08/02/7132 | 1120 422 |.01 (DDT) 03/09/702 | 1330 3400 | .1 (PCB’s) 
09/01/71 | 0900 53 04 (2,4-D) 04/09/70 1205 2970 
05/13/70 = 1330 10900 .01 (DDT) 


USGS NO. 9-5255 COLORADO RIVER (YUMA MAIN CANAL) 06/16/70 1400 18400 
po4 AT YUMA, ARIZ. : ; 07/09/70 | 1315 9290 
(Beginning October 1970, samples collected at Imperial Dam, 15 miles 08/06/70 2 1245 3260 15 (2,4,5-T) 
northeast of Yuma) 09/09/70 * 1115 3130 

Pet — 10/06/70* | 1215 2900 


10/01/68 556 11/11/7032 | 1230 2560 
11/05/68 12/08/70 | 1115 2580 
12/03/68 01/20/712 | 1325 2560 
01/07/69 0930 0 |.14 (2,4-D); .03 (2,4,5-T) 02/09/71 3-4) 1110 2860 
02/04/69 1000 03/09/71 | 1000 2600 


s Fi . 04/12/71 | 1230 5810 
03/04/69 0915 ge ey (Silvex) ; 05/11/712 | 1300 11400 


04/08/69 1315 06/08/71? | 1300 14800 

07/06/71 * | 1200 9060 
O5/03 /40 pone 08/10/71 *-*) 1330 3380 
06/03/69 + | 0940 


07/01/69 0930 09/08/71 8 Bee! 3610 





























——- —S aime aea—geon Se 


08/11/69 0825 USGS NO. 9-5180 GILA RIVER ABOVE DIVERSIONS AT 
09/02/69 1345 GILLESPIE DAM, ARIZ. 

10/07/69 1030 (Formerly published as USGS No. 9-5195 Gila River below Gillespie 
11/04/69 1115 Dam, Ariz.; for this location, discharge reported is daily mean 
12/02/69 1100 discharge) 


01/06/70 1100 

02/03/70 1115 10/16/68 22 .03 (DDD); .08 (DDE); .02 (DDT); 
03/03, 70 * 0930 .03 (Dieldrin); .01 (Lindane) 
04/07/70 1100 11/19/68 01 (DDD); .04 (DDE); .02 (DDT); 
05/05/70 = 1030 01 (Dieldrin); .01 (Lindane); 

-11 (Silvex) 

06/02/70 1045 12/16/68 1 (DDD); .10 (DDE); .05 (DDT); 
07/07/70= | 0930 .03 (Dieldrin); .07 (Lindane) 
08/04/70 = 1000 01/15/69 3 .02 (DDD); .04 (DDE); .01 (DDT); 
09/01/70% | 1330 .01 (Dieldrin); .01 (Lindane): 
10/27/70 * 1100 .06 (Silvex) 

02/17/69 .03 (DDE); .01 (DDT); 

11/10/70 % | 1130 01 (Dieldrin); .01 (Lindane) 
12/01/70 * 1015 01 (DDT) , 
01/05/71 | 0820 03/14/69 .02 (DDE); .01 (Lindane) 
02/02/71 2 | 0930 04/17/69 .02 (DDE); .01 (Dieldrin);: 
03/02/71°% | 1445 02 (Lindane) 

05/20/69 .01 (DDD); .02 (DDE) 
04/06/71 % | 0915 06/18/69 .01 (DDD); .06 (DDE); 
05/04/71 8 1000 02 (Dieldrin); .01 (Lindane) 
06/01/71 * 1030 9190 07/16/69 © 


07/06/71 | 0835 10900 
; 08/20/69 9] .02 (DDD); .05 (DDE); .03 (DDT) 
Can" | oe. | 09/17/69 02 (DDE); .03 (DDT); .03 (Endrin); 
/74 3 .01 (Lindane) 
/71 3 7 
a tn thas on ™ 10/13/69 01 (DDD); .01 (DDE); .01 (DDT); 
‘ .01 (Dieldrin); .01 (Endrin); 
USGS NO. 9-3150 GREEN RIVER AT GREEN RIVER, UTAH .02 (Lindane); .01 (2,4,5-T) 
-— 11/21/69 01 (DDD); .03 (DDE); .01 (DDT); 
.02 (Lindane); .05 (2,4-D) 
10/14/68 1800 3620 12/18/69 .2| 04 (DDD); .02 (DDE); .02 (DDT); 
11/18/68 1000 = .01 (DDT) 02 (Lindane); .03 (2,4-D) 
12/13/68 1245 4330 
papi she 1345 3880 01/22/70 02 (DDD); .04 (DDE); .02 (DDT); 
02/11/69 1320 5720 .01 (Lindane) 
02/17/70 02 (DDD); .04 (DDE); .01 (DDT); 
03/14/69 1240 5750 .01 (Endrin); .02 (Lindane); 
04/10/69 1045 11100 .02 (Endosulfan) 
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TABLE 2.—Pesticide content of selected streams in Western United States—Continued 








TIME 
(24 
Hour) 





INSTAN- 
TANEOUS 
Dis- 
CHARGE 
(CFS) 


RESIDUES IN “G/LITER 


TIME 


Hour) 





INSTAN- 
TANEOUS 
Dis- 
CHARGE 
(CFS) 


RESIDUES IN “G/LITER 








USGS NO. 9-5180 GILA RIVER ABOVE DIVERSIONS AT 
GILLESPIE DAM, ARIZ.—Continued 





04/01/70 2.4 


05/04/70 * 
06/03/70 


07/02/70 * 


07/30/70 2 
09/01/70* 


10/01/70 * 
11/02/70 * 
12/02/70 8 
01/08/71 * 
02/01/71 8 
03/02/71 8 
04/06/71 * 
05/07/71 3 
06/01/71 * 
07/01/71 3 


08/18/71 4 
09/01/71 8 





1200 


1.3| 02 (DDD); .05 (DDE); .01 (DDT); 
.01 (Lindane) 

22 02 (DDD); .03 (DDE); .01 (DDT) 
7.3 | .01 (DDD); .04 (DDE); .01 (DDT) 


4.0} .01 (DDD); .02 (DDE); 

.01 (Dieldrin) 

5.4 | 01 (DDD); .04 (DDE) 

17 .02 (DDE); .04 (Methyl parathion) ; 
.04 (Parathion) 

36 .01 (DDE); .01 (Lindane) ; 

.02 (Methyl parathion) ; 

.04 (Parathion) 

38 .02 (DDE); .10 (Methyl parathion); 
.10 (Diazinon) 


65 01 (DDE); .06 (Lindane) 
49 .05 (DDE); .02 (DDT); 
.01 (Dieldrin); .05 (Lindane) 
26 .01 (DDE); .01 (Dieldrin) ; 
01 (Lindane) 
39 .01 (DDE); .01 (Dieldrin); 
.01 (Lindane) 
.02 (DDD); .08 (DDE); 
.01 (Lindane) 


02 (DDE); .01 (Diazinon) 
02 (DDE); .04 (Diazinon) 
.02 (DDE) 

01 (Silvex) 

03 (DDE); .05 (DDT) 











10-3350 HUMBOLDT RIVER NEAR 
RYE PATCH, NEV. 





10/01/68 
11/01/68 
12/02/68 
12/31/68 
02/03/69 


03/03/69 
04/01/69 
05/01/69 
06/02/69 
06/30/69 


08/01/69 
09/02/69 
10/01/69 
11/03/69 
12/01/69 


01/02/70 
02/02/70 
03/03/70 2 
04/01/70 
05/01/70 * 


06/01/70 

07/01/70 2 
08/31/70 8 
10/01/70 * 
11/03/70 # 


12/01/70 # 
12/31/70 
02/01/71 3 
03/01/71 # 
04/01/71 2 


05/03/71 3 
06/01/71 8 
07/02/71 8 
09/01/71 





14 (Silvex) 
05 (Silvex) 
01 (Silvex) 
18 (2,4-D); .07 (2,4,5-T) 


.02 (Silvex) 
02 (Silvex) 
.01 (DDT); .07 (Silvex) 
.10 (Silvex) 
-11 (Silvex) 


.08 (Silvex) 
.07 (Silvex) 
.06 (Silvex) 
05 (Silvex) 
03 (Silvex) 


05 (Silvex) 
0S (Silvex) 
.05 (Silvex) 
01 (Lindane); .05 (Silvex) 
.06 (Silvex) 


04 (Silvex) 
.03 (Silvex) 
.01 (Silvex) 
02 (Silvex) 
02 (Silvex) 


02 (Silvex) 
01 (Silvex) 
01 (Silvex) 
02 (Silvex) 
02 (Silvex) 


01 (Silvex) 








USGS NO. 11-4255 


SACRAMENTO RIVER AT VERONA, CALIF. 





11/15/68 
12/12/68 
01/17/69 
03/05/69 
04/17/69 


1100 
1100 
1145 
1630 
1110 


06/05/69 
07/03/69 
08/19/69 
10/27/69 


12/04/69 


12/30/69 
03/03/70 * 
04/08/70 
05/21/70? 


07/01/70 = 


08/11/70 3 
09/24/70 3 
10/29/70 8 
11/25/70 * 
12/09/70 # 


01/20/71 * 
02/09/71 3-4 
02/24/71 8 
04/07/71 3 
05/10/71 * 


0900 
0950 
0930 
0930 


1300 
1445 
0930 
1100 
1005 


06/16/71 * 
07/21/7138 
08/26/71 8 
09/21/71 4 


0915 
0900 
0910 
0930 


12000 
23200 
59300 
56700 
37200 


22600 
11700 
16600 
12700 


.22 (2,4-D); .08 (2,4,5-T) 


01 (DDT); .02 (2,4-D); .03 (2,4,5-T) 
04 (2,4-D); .01 (Silvex); 

02 (2,4,5-T) 
12800 


60300 
51300 
14200 
11300 


01 (2,4,5-T) 
07 (2,4-D) 


02 (2,4-D); .01 (2,4,5-T); 
.10 (Methyl! parathion) ; 
.16 (Parathion) 

01 (Silvex) 


01 (Silvex) 


10700 


11900 
13900 
14000 
21700 
61600 


62800 

30900 

18100 

38300 

27400 .13 (Methyl parathion); 
.04 (Parathion) 


22700 
16500 
22400 
21600 





USGS NO. 11-4070 


FEATHER RIVER NEAR OROVILLE, CALIF. 





10/08/68 
11/01/68 
12/—/68 
01/03/69 


1330 
1645 
1430 
0800 
02/04/69 0800 
03/04/69 
03/28/69 
05/01/69 
06/05/69 
07/02/69 


07/30/69 4 
09/04/69 
09/30/69 
10/30/69 
11/26/69 


12/31/69 
01/29/70 
02/26/70 = 
03/27/70 
04/29/70 = 


05/27/70 * 
06/24/70 2 
08/03/70 2 
08/31/70 
09/28/70 8 


11/03/70 ® 
12/01/70 8 
12/30/70 * 
01/29/71 2 
02/26/71 * 


1700 
0700 
1245 
1200 


1000 
0800 





393 
393 
382 
420 


.02 (DDT) 
99 (2,4-D); .18 (2,4,5-T) 


06 (2,4-D); .07 (Silvex) ; 
03 (2,4,5-T) 


06 (2,4,5-T) 
01 (2,4,5-T) 


02 (2,4,5-T) 
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TABLE 2.—Pesticide content of selected streams in Western United States—Continued 








INSTAN- INSTAN- 
TIME | TANEOUS TIME | TANEOUS 
(24 Dis- RESIDUES IN “G/LITER (24 Dis- RESIDUES IN “G/LITER 
Hour) CHARGE Hour) CHARGE 
(CFS) (CFS) 

















USGS NO. 11-4070 FEATHER RIVER NEAR USGS NO. 13-1545 SNAKE RIVER AT 
OROVILLE, CALIF.—Continued KING HILL, IDAHO—Continued 








03/26/71 * | 0830 433 .03 (Silvex) 04/18/69 1545 10700 
04/29/71 | 1300 409 05/23/69 1450 9860 .09 (2,4-D) 
05/24/71 * | 1500 411 06/23/69 4 | 0830 5330 
06/29/71 * 1730 413 07/14/69 1115 6190 .06 (2,4-D) 

07/29/71 | 1300 404 08/11/69 1030 4950 .02 (DDT); .03 (2,4-D) 


08/26/71* | 1400 411 09/08/69 1235 8210 .03 (DDT); .05 (2,4-D) 
09/21/71 8 1300 414 10/06/69 1515 12200 .05 (DDT); .04 (2,4-D) 
 aotaiibin sesapstincasiseted Uedemseiete 11/09/69 1430 12000 
; 12/15/69 1655 11700 .01 (DDD); .03 (DDT); 
USGS NO. 12-5105 YAKIMA RIVER AT KIONA, WASH. 01 (Dieldrin); .02 (2,4-D) 


ee ele ee eet ere ok ee ? 01/13/70 1635 13000 12 (DDT) 


11/25/68 1530 4070 02/09/70 1155 10200 | .01 (DDT) 
12/16/68 — 3480 03/15/70 | 1345 7440 03 (DDT) 
01/20/69 1545 3820 04/20/70 1200 14900 | .01 (DDT); .16 (Lindane) 
02/25/69 1145 3230 04/30/70 | 0930 13700 
03/26/69 0845 6150 05/11/702 | 1450 17600 01 (DDT) 





04/09/69 | 0930 6960 | .20 (2,4-D) 06/08/70: | 1340 10300 | .04 (2,4-D) 
05/19/69 | 1530 8200 | .01 (DDD); .01 (DDE); .04 : 07/11/702 | 1550 7520 | .01 (DDT); .06 (2,4-D) 
24 (2,4-D) 08/09/70 | 1515 9870 | .04 (2,4-D) 
06/27/69 | 1015 1720 | .01 (DDE); .04 (DDT); 09/18/70* | 1530 11100 | .01 (DDT) 
01 (Dieldrin); .21 (2,4-D) 10/05/70 | 1045 11200 | .06 (2,4-D) 
07/30/69 | 0930 1300 | .01 (DDD); .03 (DDT); 
02 (Dieldrin); .18 (2,4-D) 11/20/70® | 1725 13400 | .01 (DDT) 
08/21/69 | 1305 1 (DDD); .01 (DDE); .02 01/08/71 % | 1030 14100 | .01 (2,4,5-T) 
.01 (Dieldrin) ; .09 (2,4-D) 91/28/71 % | 1300 17100 

02/27/71 | 1600 14600 
09/09/69 | 1500 09 (2,4-D) 03/27/7119) 1315 16600 

. 2 4- 
10/17/68 1s10 3090 | .01 (DDT); .04 (2,4-D) fae HS BS OF poe 
12/90/69 | 1330 eQADd) 05/25/71% | 1258 18500 | .02 (2,4,5-T) 
01/27/70 | 0985 04 (2,4-D) 06/21/71 * | 1305 | t4ee0 
08/02/71 2 | 1800 7660 | .02 (2,4-D) 

08/30/71 * | 1435 7630 








02/16/70 | 1545 01 (Dieldrin); .04 (2,4-D) 

03/19/702 | 1210 ee ong ascnbiac damn cea esa ia smaang anna 

04/28/70 2 1255 01 (DDT); .05 (2.4-D) USGS NO. 14-1057 COLUMBIA RIVER AT THE DALLES, OREG. 

05/25/702 | 1630 01 (DDD); .01 (DDE): 02 (DDT): aniseed ES NESE Re Sk CEN Pa “ed wo beable : 

.42 (2,4-D); .01 (2.4,5-T) 

06/22/70 1055 .02 (DDD); .01 (DDE); .02 (DDT): 11/05/68 1030 144000 

01 (Dieldrin); .15 (2,4-D): 12/09/68 1000 122000 .26 (2,4-D); .07 (2,4,5-T) 

O1 (2,4.5-T) 01/22/69 1430 230000 
3/18/69 1430 207000 


07/20/702 | 1155 1300 | .01 (Dieldrin); .16 (2,4-D); 95/07/69 | 1230 | 316000 


01 (2,4,5-T) 

‘ 06/26/69 0830 292000 
. ‘ : 2,4-D 

08/24/70 1420 1600 01 (DDD); .01 (DDE): .18 (2,4-D) 08/06/69 1200 127000 


09/30/7 1820 - 
oan | Me | | cm riers | tse | ‘sr0m 
° ‘ bn 10/21/69 1545 112000 O1 (2,4-D) 


11/24/70% | 1150 1920 12/02/69 | 1435 | 163000 





12/29/705 | 1015 1970 01/14/70 1130 127000 
01/22/71 3 1025 7600 .06 (2,4-D); .01 (2,4,5-T) 03/03/70 = 1610 197000 
02/03/7132 | 1415 11200 04/13/70 1415 168000 


03/01/71 : 1435 4490 06/26/70 = 1200 299000 .25 (2,4-D) 
04/05/71 | 1200 3690 08/20/70 ® 1400 155000 


05/07/71 8 1640 10200 1 (DDT) 11/05/70 8 1200 125000 
06/21/71 5 1150 5940 01 (DDT); .07 (2,4-D) 12/17/70 * 1300 106000 
07/16/71 % 1115 2200 01 (DDT): .27 (2,4-D) 01/21/71 8 1400 193000 
08/06/71 5 1635 1240 1.02 (DDE); .01 (DDT): .01 (Dieldrin): 03/09/71 * 0950 211000 1 (DDT) 
18 (2,4-D) 04/14/71" 1010 227000 
09/23/7144) 1355 2380 
06/09/71 * 1545 512000 





09/01/71 * 136000 














USGS NO. 13-1545 SNAKE RIVER AT KING HILL, IDAHO pilaf Benn 300000 


10/01/68 1315 10700 02 (DDT) 1 Daily mean discharge. 
11/04/68 1115 10600 = Sample also analyzed for methyl parathion, parathion, and diazinon, 
12/14/68 1100 12940 ‘Sample also analyzed for methyl parathion, parathion, diazinon, and 
01/20/69 1100 16800 04 (2,4,5-T) malathion. 

03/07/69 1300 16000 ‘ Sample not obtained for 2,4-D, silvex, or 2,4,5-T analysis. 

Sage RE HERES “Meso + Se rahcnentnlenienonoeenenree — * Sample not obtained for organochlorine insecticide analysis. 
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TABLE 3.—Number of occurrences of pesticides, October 1968 to September 1971 





NUMBER OF OCCURRENCES 





STREAM AND LOCATION : 


FI 


HEPTACHLOR 
CHLORDANE 
TOXAPHENE 
ENDOSULFAN 


ALDRIN 
ENDRIN 
Hi 
EPoOxIpE 





_ 
o 


Missouri River at Nebraska City, Nebr. 
Yellowstone River near Billings, Mont. 

James River at Huron, S. Dak. 

Platte River at Brady, Nebr. 

Arkansas River below John Martin Reservoir, Colo. 
Arkansas River at Van Buren, Ark. 


Canadian River near Whitefield, Okla. 


eS 4. 2. 2... 2.2 2: ee 


Brazos River at Richmond, Tex. 


_ 


Colorado River at Wharton, Tex. 


o @ © 8.983 @ @ © @ 'o@ 


Rio Grande below Anzalduas Dam, Tex. 


Pecos River near Artesia, N. Mex. 


Colorado River (Yuma Main Canal) at Yuma, Ariz. 


oo o9e9oeUcewmlUmcUOWUC8WUlC OUCOOUCOWC COlUCO 
ees? 8® © @ ce es @¢@ 8 @ 8@ 8S 


Green River at Green River, Utah 


rv OoONnwenaArn wa ww B w 


ie) 


Gila River at Gillespie Dam, Ariz. 


Humboldt River near Rye Patch, Nev. 
Sacramento River at Verona, Calif. 
Yakima River at Kiona, Wash. 

Snake River at King Hill, Idaho 
Columbia River at The Dalles, Oreg. 


oe oc oe 6,8 @ 8 @ 938208 8 @ @e- Cc 68 Ce 6@ 86 6 
eo seosogoed@geeesseG@gwce@gcesete@e?ed8@se26e6e868eee se 
Se @e.e@e9@8 868s @ 6 ® @0e 86 ore 6 S&S oOo 8 


Feather River at Oroville, Calif. 





TOTALS 1 | 47 | 64 | 96| 36 0 0 | 40 1 0 1 |103 | 45 |109 





















































NOTE: Only the occurrences of pesticides looked for during the entire study period, October 1968-September 1971, are included in this table. 
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APPENDIX 


Chemical Names of Compounds Discussed in This Issue* 





ALDRIN 
ARSENIC 
BHC 
CADMIUM 
CHLORDANE 
2,4-D 

DDE 


DDT (including its isomers and 
dehydrochlorination products) 


DIAZINON 

DIELDRIN 

ENDOSULFAN 
(THIODAN®) 

ENDRIN 

HCB 

HEPTACHLOR 

HEPTACHLOR EPOXIDE 

LEAD 

LINDANE 

MALATHION 

MERCURY 

METHYL PARATHION 

MIREX 

PARATHION 


POLYCHLORINATED 
BIPHENYLS (PCB’s) 


SILVEX 

2,4,5-T 

TDE (DDD) (including its 
isomers and dehydrochlorina- 


tion products) 


TOXAPHENE 








Not less than 95% of 1,2,3,4,10,10-hexachloro-1 ,4,4a,5,8,8a-hexahydro-1 ,4-endo-exo-5,8-dimethanonaphthalene 
As 

1,2,3,4,5,6-hexachlorocyclohexane, mixed isomers 

Cd 

1,2,4,5,6,7,8,8-octachloro-3a,4,7,7a-tetrahydro-4,7-methanoindane 

2,4-dichlorophenoxyacetic acid 

1,1-dichloro-2,2-bis(p-chlorophenyl) ethylene 


1,1,1-trichloro-2,2-bis( p-chlorophenyl)ethane; technical DDT consists of a mixture of the p,p’-isomer and the 
o,p’-isomer (in a ratio of about 3 or 4 to 1) 


0O,0-diethyl O-(2-isopropyl-4-methyl-6-pyrimidy]) phosphorothioate 


Not less than 85% of 
naphthalene 


1,2,3,4,10,10-hexachloro-6,7-epoxy-! ,4,4a,5,6,7,8a-octahydro-! ,4-endo-exo-5 ,8-dimethano= 
6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a-hexahydro-6,9-methano-2,4,3-benzodioxathiepin 3-oxide 


1,2,3,4,10,10-hexachloro-6,7-epoxy-1,4,4a,5,6,7,8,8a-octahydro-1 ,4-endo-endo-5,8-dimethanonaphthalene 
hexachlorobenzenc 
1,4,5,6,7,8,8-heptachloro-3a,4,7,7a-tetrahydro-4,7-methanoindene 
1,4,5,6,7,8,8-heptachloro-2,3-epoxy-3a,4,7,7a-tetrahydro-4,7-methanoindan 
Pb 

1,2,3,4,5,6-hexachlorocyclohexane, 99% or more gamma isomer 

diethyl mercaptosuccinate, S-ester with O,O-dimethyl phosphorodithioate 
Hg 

0O,0-dimethyl O-p-nitrophenyl phosphorothioate 
dodecachlorooctahydro-1 ,3,4-metheno-1H-cyclobuta[cd]pentalene 

0, 0-diethyl 0-p-nitrophenyl phosphorothioate 


Mixtures of chlorinated biphenyl compounds having various percentages of chlorination 


2-(2,4,5-trichlorophenoxy ) propionic acid 
2,4,5-trichlorophenoxyacetic acid 


1,1-dichloro-2,2-bis(p-chlorophenyl)ethane; technical TDE contains some o,p’-isomer also 


chlorinated camphene containing 67-69% chlorine 
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Information for Contributors 


The PEsTICIDES MONITORING JOURNAL welcomes from 
all sources qualified data and interpretive information 
which contribute to the understanding and evaluation of 
pesticides and their residues in relation to man and his 
environment. 


The publication is distributed principally to scientists 
and technicians associated with pesticide monitoring, 
research, and other programs concerned with the fate 
of pesticides following their application. Additional 
circulation is maintained for persons with related in- 
terests, notably those in the agricultural, chemical manu- 
facturing, and food processing industries; medical and 
public health workers; and conservationists. Authors are 
responsible for the accuracy and validity of their data 
and interpretations, including tables, charts, and refer- 
ences. Accuracy, reliability, and limitations of the sam- 
pling and analytical methods employed must be clearly 
demonstrated through the use of appropriate procedures, 
such as recovery experiments at appropriate levels, 
confirmatory tests, internal standards, and inter-labora- 
tory checks. The procedure employed should be ref- 
erenced or outlined in brief form, and crucial points 
or modifications should be noted. Check or control 
samples should be employed where possible, and the 
sensitivity of the method should be given, particularly 
when very low levels of pesticides are being reported. 
Specific note should be made regarding correction of 
data for percent recoveries. 


Preparation of manuscripts should be in con- 
formance to the CBE StyLE MANUAL, 3d ed. Coun- 
cil of Biological Editors, Committee on Form and 
Style, American Institute of Biological Sciences, 
Washington, D. C. and/or the StyLE MANuAL of 
The United States Government Printing Office. 
An abstract (not to exceed 200 words) should 
accompany each manuscript submitted. 

——All material should be submitted in duplicate 
(original and one carbon) and sent by first-class 
mail in flat form—not folded or rolled. 
Manuscripts should be typed on 8% x 11 inch 
paper with generous margins on all sides, and 
each page should end with a completed para- 
graph. 

——aAll copy, including tables and references, should 
be double spaced, and all pages should be num- 
bered. The first page of the manuscript must 
contain authors’ full names listed under the title, 
with affiliations, and addresses footnoted below. 

——Charts, illustrations, and tables, properly titled, 
should be appended at the end of the article with 


a notation in text to show where they should be 
inserted. 

—Charts should be drawn so the numbers and texts 
will be legible when considerably reduced for 
publication. All drawings should be done in black 
ink on plain white paper. 

— —Photographs should be made on glossy paper. 
Details should be clear, but size is not important. 


——tThe “number system” should be used for litera- 
ture citations in the text. List references in the 
order in which they are cited in the text, giving 
name of author/s/, year, full title of article, exact 
name of periodical, volume, and inclusive pages. 


The Journal also welcomes “brief” papers reporting 
monitoring data of a preliminary nature or studies of or 
limited scope. A section entitled Briefs will be included, 
as necessary, to provide space for papers of this type 
to present timely and informative data. These papers 
must be limited in length to two journal pages (850 
words) and should conform to the format for regular 
papers accepted by the Journal. 


Pesticides ordinarily should be identified by common 
or generic names approved by national scientific so- 
cieties. The first reference to a particular pesticide 
should be followed by the chemical or scientific name 
in parentheses—assigned in ‘accordance with CHEMICAL 
ABSTRACTS nomenclature. Structural chemical formulas 
should be used when appropriate. Published data and 
information require prior approval by the Editorial 
Advisory Board; however, endorsement of published in- 
formation by any specific Federal agency is not intended 
or to be implied. Authors of accepted manuscripts will 
receive edited typescripts for approval before type is set. 
After publication, senior authors will be provided with 
100 reprints. 


Manuscripts are received and reviewed with the under- 
standing that they previously have not been accepted for 
technical publication elsewhere. If a paper has been 
given or is intended for presentation at a meeting, or if 
a significant portion of its contents has been published 
or submitted for publication elsewhere, notation of such 
should be provided. 


Correspondence on editorial matters or circulation mat- 
ters relating to official subscriptions should be addressed 
to: Mrs. Sylvia P. O’Rear, Editorial Manager, PEsTi- 
CIDES MONITORING JOURNAL, Division of Technical Serv- 
ices, Office of Pesticide Programs, U. S. Environmental 
Protection Agency, 4770 Buford Highway, Bldg. 29, 
Chamblee, Ga. 30341. 


PESTICIDES MONITORING JOURNAI. 





The Administrator of the U. S. Environmental Protection Agency has determined 
that the publication of this periodical is necessary in the transaction of public 
business required by law of this Agency. Use of funds for printing this publication 
approved by the Director of the Office of Management and Budget, June 30, 1971. 


ORDER BLANK To: Superintendent of Documents 
FOR PMJ Government Printing Office 
Washington, D. C. 20402 


Please enter my Subscription for Pesticides Monitoring Journal. I am enclosing 
Money Order [] Check [J for this subscription. ($3.00 a year; 75 cents additional 
for foreign mailing) 


Please address the PMJ as follows. 











UNITED STATES GOVERNMENT PRINTING OFFICE, WASHINGTON, D. C. 1967 


For sale by the Superintendent of Documents, U. S. Government Printing Office, Washington, D. C. 20402. 
Subscription price $3.00 a year, 75 cents additional for foreign mailing. Price for a single copy of this 
issue is $1.00. 





U.S. ENVIRONMENTAL PROTECTION AGENCY 
Office of Pesticide Programs 

Technical Services Division 

4770 Buford Highway, Bldg. 29 

Chamblee, Georgia 30341 


OFFICIAL BUSINESS 


FEDERAL WORKING GROUP ON PEST MANAGEMENT 
(RESPONSIBLE TO THE COUNCIL ON ENVIRONMENTAL QUALITY) 
POSTAGE AND FEES PAID 
ENVIRONMENTAL PROTECTION 
AGENCY 


EPA-335 


” Serialé Department 14 
Kerox University Microfilms 
$900 Worth Zeeb Road 


.Ann Arbor, Michigan 48106 


> 





If you do not desire to continue receiving this publication, please CHECK HERE [1]; 
cut off this label and return it to the above address. Your name will be removed 


from the mailing list. 














—— 








